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LETTER 


FROM 


THE  SECRETAEY  OF  WAR, 


TRANSMITTING 


Report  of  ^^^  Tests  of  iron  and  steel  and  other  materials  for  industrial  pur- 
poses j^  by  Maj.  F.  E.  Parlcer^  commanding  the  Watertown  Arsenal, 


December  15,  1885. —Referred  to  the  Committee  on  Printing. 


War  Department, 
Washington  Gity^  December  3, 1884. 
The  Secretary  of  War  has  the  honor  to  transmit  to  the  United  States 
Senate  a  letter  of  the  Chief  of  Ordnance,  United  States  Army,  dated 
the  25th  ultimo,  and  its  accompanying  report  of  "Test«  of  iron  and 
steel  and  other  materials  for  industrial  purposes,''  made  by  Maj.  F.  H. 
Parker,  Ordnance  Department,  United  States  Army,  commanding  the 
Watertown  Arsenal,  with  the  United  States  testing-machine  during 
the  fiscal  year  ended  June  30, 1884. 

Attention  is  respectfully  invited  to  the  remarks  of  the  Chief  of  Ord- 
nance touching  the  urgency  of  the  need  of  an  additional  testing-ma- 
chine, in  order  to  provide  increased  facilities  for  the  steady  prosecution 
of  such  important  work,  an  estimate  for  the  additional  machine  having 
already  been  submitted  by  this  Department,  as  shown  on  page  153  of 
the  Book  of  Estimates. 

EOBBRT  T.  LINCOLN, 

(Secretary  of  War. 

The  President  pro  tempore  United  States  Senate. 


Ordnance  Office,  War  Department, 

Washington^  D.  (7.,  November  25,  1884. 
Sir:  I  have  the  honor  to  submit  herewith,  to  be  transmitted  to  Con- 
gress as  required  by  law,  the  "  Eeport  of  tests  of  iron  and  steel  and  other 
materials  for  industrial  purposes,"  made  by  Maj.  F.  H.  Parker,  Ordnance 
Department,  commanding  the  Watertown  Arsenal,  with  the  United 
States  testing-machine  during  the  fiscal  year  ending  30th  June,  1884. 
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More  than  three-fourths  of  the  tests  made  daring  the  year  were  for 
the  Governmeut  service,  and  unless  an  additional  machine — estimated 
for — be  provided  to  test  the  many  small  specimens  submitted,  all  pri- 
vate work  will  soon  have  to  be  discontinued. 

The  machine,  was  disabled  during  forty-one  days,  and  this  is  an  addi- 
tional reason  in  favor  of  increased  facilities  for  the  steady  prosecution 
of  such  important  work. 

Very  respectfully,  your  obedient  servant, 

S.  V.  BENfiT, 
Brigadier- Oeneral,  Chief  of  Ordnance. 

The  Hon.  Secretary  of  War. 


Watbrtown  Arsenal, 
Watertownj  Ma^ss.j  August  31,  1884. 

Sir:  I  have  the  honor  to  report  the  results  of  public  tests  made  on 
the  Government  testing-machine  at  this  arsenal  during  the  fiscal  year 
ending  June  30, 1884,  in  compliance  with  the  act  of  Congress  appro- 
priating funds  for  that  purpose. 

As  will  be  seen,  these  tests  were  made  for  industrial  purposes  and  for 
the  Government  service,  and  their  object  was  the  determination  of  the 
strength  of  various  kinds  of  material  aid  different  forms  of  construc- 
tion. 

The  whole  number  of  these  public  tests  made  during  the  year  was 
1,424. 

In  addition,  411  tests  for  private  parties  were  made,  making  a  total  of 
1,835  tests.  A  list  of  the  names  and  residences  of  parties  for  whom  pri- 
vate tests  were  made  is  appended. 

The  number  of  tests  made  during  the  year  is  less  than  that  of  the 
preceding  year,  owing  to  the  diiferent  character  of  the  tests,  and  because 
for  a  period  of  forty-one  working  days  the  machine  was  disabled  and 
undergoing  repairs.  With  that  exception  it  has  been  in  operation  con- 
stantly, every  work  day  finding  Mr.  J.  E.  Howard  and  his  assistants  in 
their  places  testing  or  preparing  to  test  the  various  specimens  presented ; 
and  although  all  available  time  during  the  year  has  been  occupied,  and 
all  the  testing  work  possible  has  been  done,  there  has  been  generally  an 
accumulation  of  private  work  on  hand  which  had  to  wait,  some  of  it 
for  months,  before  an  opportunity  offered  to  comply  with  the  urgent  re- 
quest of  the  parties  and  test  their  specimens.  But  public  work  neces- 
sarily took  precedence,  and  much  of  it  this  year  being  for  gun  construc- 
tion, consumed  an  unusual  amount  of  time  consequent  upon  the  many 
measurements  to  be  taken  and  the  great  care  exercised.  It  is  thought 
that  what  has  been  done  in  this  direction  is  more  reliable  and  satisfac- 
tory than  what  has  heretofore  resulted  from  tests  of  small  specimens 
made  on  machines  not  readily  manipulated.  The  desirability  of  testing 
larger  and  longer  samples  of  gun  material  than  the  minute  pieces  which 
have  heretofore  been  depended  upon  is  recognized  ;  it  gives  an  oppor- 
tunity for  more  accurate  observation  and  determination  of  the  physical 
qualities  of  the  metal.  This  is  exemplified  to  a  limited  extent  by  the 
larger  bars  of  gun  steel  and  cast  iron  given  in  this  report.  Some  inter- 
esting points  respecting  the  effects  of  the  previous  treatment  of  the 
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steel  is  shown,  which  would  not  have  been  broaght  oat  by  the  usaal 
small-sized  specimens. 

In  the  tangential  tests  an  apparatas  was  devised  to  burst  the  hollow^ 
cylinders,  which  would  give  more  accurate  results  than  that  heretofore 
used.  The  pistons  did  not  enter  the  tested  cylinder,  but  from  a  reser- 
voir the  fluid  was  forced  through  an  aperture  into  the  cylinder.  Thu» 
the  surface  of  the  latter  pressed  was  unvarying.  The  usual  mixture  of 
wax  and  tallow  was  first  tried,  but  was  found  not  to  flow  and  transmit 
the  pressure  properly.  Finally  glycerine  was  used  for  the  cast  iron, 
and  water  for  the  steel  cylinders  with  satisfactory  effect. 

The  tests  for  industrial  purposes  consist  principally  of  a  series  of 
latticed  columns,  a  continuation  of  such  tests  made  in  previous  years — 
tests  of  bricks  and  brick  piers,  of  cement,  concrete,  and  stone  blocks^ 
and  of  the  holding  power  of  nails  and  screws  in  woods,  all  of  more  or 
less  interest  and  value  to  builders.  A  lack  of  time  prevented  a  farther 
prosecution  of  these  or  other  miscellaneous  tests,  as  well  as  a  full 
analysis  and  summing  up  of  the  tests  made. 

As  was  the  case  in  the  previous  year,  nothing  resulted  from  the  pro- 
gramme of  tests  prepared  by  the  American  Society  of  Civil  Engineers. 
No  railroad  companies,  manufacturers,  engineers,  or  other  users  ot 
building  material  co-operated,  as  was  requested,  by  sending  members 
of  structures  or  special  shapes  with  the  prescribed  hand  specimens^ 
history  of  the  metal  and  process  of  manufacture,  diagrams,  &c.,  whicb 
was  for  the  purpose  of  obtaining  and  distributing  valuable  information 
on  such  subjects,  and  in  which  case  the  tests  were  free.  Such  a  method 
was  not  followed  in  a  single  case.  But  members  of  structures  and 
various  specimens  are  continually  received  from  railroad  companies,, 
manufacturers,  and  engineers  for  private  tests,  in  which  case  payment 
of  the  actual  expenses  is  made,  and  the  report  in  private  and  confiden- 
tial. 

It  was  desired  to  make  further  tests  upon  riveted  joints,  in  contin- 
uation of  previous  ones,  and  efforts  were  made  to  procure  the  proper 
specimens,  fabricated  from  uniform  metal  of  a  fair  quality,  but  makers 
declined  to  take  the  contract  to  supply  what  was  wanted  where  great 
uniformity  was  required,  and  as  it  became  evident  that  the  amount  oi 
Government  work  would  not  admit  of  a  prosecution  of  such  tests  the 
project  was  abandoned. 

It  is  quite  evident  now  that  this  one  machine  can,  with  great  ad- 
vantage, be  occupied  entirely  in  making  tests  for  the  different  depart- 
ments of  the  Government  required  in  carrying  on  their  current  work.. 
It  is  not  improbable,  indeed,  that  the  ordnance-  service  of  the  War 
Department  alone  will  soon  have  sufficient  testing  work  to  fill  the  whole 
time  of  the  machine,  to  the  exclusion  of  work  from  all  other  sources  ^ 
and  as  citizens,  city  governments,  and  corporations  seem  to  have  confi- 
dence in  this  testing-machine  and  its  impartial  and  skillful  manage- 
ment, the  question  arises  whether  or  not  it  would  not  be  advisable  to 
supplement  this  with  another  smaller  machine,  as  recommended  in  my 
last  year's  report,  which  would  relieve  this  machine  of  much  of  its  work- 

During  the  year  several  new  appliances  and  fixtures  have  been  pro- 
cured which  add  to  the  convenience  and  accuracy  in  making  tests ;  also 
new  and  more  delicate  measuring  instruments  have  been  made  here  for 
use  with  the  machine. 

A  more  complete  set  of  record  books,  properly  printed  blanks  for  re- 
ports, and  for  conducting  the  business  of  the  testing  department,  have 
been  obtained  and  a  more  methodical  system  established. 
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The  receipts  and  expenditures  during  the  year  were  as  follows : 

Amount  appropriated  for  testing-machine  and  testing  work $10, 000  00 

Beceived  during  the  year  for  private  tests 994  13 

10,994  13 

Amount  expended  for  services  and  labor 6,220  14 

Amount  expended  for  steam-power,  tools,  implements,  repairs,  and  im- 
provements   4,102  32 

Amount  expended  for  materials  for  testing .* 28  35 

Balance  covered  into  Treasury 643  32 

10,994  13 

Very  respectfully,  your  obedient  servant, 

F.  H.  PARKER, 
Major  Ord.  Deptj  U.  8.  A.,  OommaMing, 

The  Chief  of  Ordnance  U.  S.  Army, 

Washington,  D.  C. 


REPORT  OF  TESTS 


OS  THE 


STRENGTH  OF  STRUCTURAL  MATERIAL, 


MADE  AT  THE 


WATERTOWN  ARSENAL,  MASS., 


DUKINa   THK 


FISCAL  YEAR  ENDED  JUNE  30,  1884. 


00]NrTEN"T8. 


1.  Wrought-iron  columns 9 

2.  Brick  piers 64 

3.  Neat  cement 125 

4.  Cement-mortar  and  concrete 166 

5.  Haverstraw  and  Kanawha  freestone 4 213 

6.  Brick  piers  with  blnestone  cap  and  base 236 

7.  Terra-cotta 245 

8.  Cast  iron,  steel,  and  bronze  for  gun  construction 248 

9.  Steelstraps 441 

10.  Steel  bars 444 

11.  Wrought-iron  bolts 446 

12.  Wrought-iron  plates 447 

13.  Adhesion  of  nails  and  screws  in  wood 448 

14.  Hemp  and  manila  cordage 473 

15.  Rubber  springs 497 
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1.— COMPEESSIOH  OF  WEOUOHT-IEOH  COLUMNS. 
Latticed,  Box  and  Solid  Web. 

The  following  tests  complete  the  series  of  seventy-four  columns,  of 
which  number  forty  were  tested  and  included  in  the  Report  of  Tests 
made  at  Watertown  Arsenal  for  the  year  1883. 

The  styles  of  posts  represented  are  those  composed  of— 

Channel  bars  with  solid  webs. 

Channel  bars  and  plates. 

Plates  and  angles. 

Channel  bars  with  latticed  sides. 

Channel  bars  latticed  on  one  side  and  with  continuous  plate  on  one 
side. 

Sixteen  posts  were  tested  with  flat  ends ;  18  were  tested  with  3^"  pin 
ends. 

The  pins  were  placed  in  the  center  of  gravity  of  cross- section,  except 
two  posts  of  set  K,  which  had  the  pins  in  the  center  of  gravity  of  the 
channel  bars,  giving  an  eccentric  bearing  to  these  columns  on  account 
of  the  continuous  plate  on  one  side  of  the  channel  bars. 

The  pins  were  used  in  a  vertical  position,  unless  otherwise  stated  in 
the  details  of  the  tests. 

In  the  testing  machine  the  posts  occupied  a  horizontal  position.  They 
were  counter-weighted  at  the  middle.  Cast-iron  bolsters  for  pin  seats 
were  used  between  the  ends  of  the  columns  and  the  flat  compression 
platforms  of  the  testing  machine. 

The  sectional  areas  were  obtained  from  the  weights  of  the  channel 
bars,  angles,  and  plates,  which  were  weighed  before  any  holes  were 
punched,  calling  the  sectional  area,  in  square  inches,  one-tenth  the 
weight  in  pounds  per  yard  of  the  iron. 

Compressions  and  sets  were  measured  within  the  gauged  length  by  a 
screw  micrometer. 

The  gauged  length  covered  the  middle  portion  of  the  post,  and  was 
taken  along  the  center  line  of  the  upper  channel  bar  or  plate,  always 
using  a  length  shorter  than  the  distance  between  the  eye-plates  to  ob- 
tain gaugings  unaffected  by  the  concentration  of  load  at  those  points. 

The  deflections  were  measured  at  the  middle  of  the  post.  An  arm 
carrying  a  pointer  was  clamped  to  the  post.  The  pointer,  moving  over 
the  face  of  a  dial,  indicated  the  amount  and  direction  of  deflection. 

Loads  were  gradually  applied,  measuring  the  compressions  and  de- 
flections after  each  increment,  returning  at  intervals  to  the  initial  load 
to  determine  the  sets. 

The  maximum  load  the  column  was  capable  of  sustaining  was  recorde 
as  the  ultimate  strength,  although  previous  to  reaching  this  load  con- 
siderable distortion  may  have  been  produced. 
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IJTo.  377.— Set  B. 


H^it' 


i5 

D  ^ 


M 


(Tested  with  fiat  ends.) 

Total  length,  KK  7''.90. 

Gauged  length  (along  center  line  channel  A),  W.^ 

Total  weight  (includes  eye-plates),  538  pounds. 

Stciwfial  area. 

Square  inoiiM. 

Channel  A,  10' 8" ;  weight,  136  pounds ;  web, ''.35 3.83 

Channel  B,  10' 8";  weight,  109  poands ;  web,  ".25 i 8.07 

Plate  C,  10' 8";  weight,  92  poanda 2.69 

Plate  D,  10' 8";  weight,  92  pounds 2.59 


12.08 


AppUed  loads. 

In  ganged  length. 

Deflections  at  middle. 

Bemarks. 

TotaL 

Persqaarel  Compres- 
incn.             sion. 

Set 

Horizontal. 

Vertical. 

Pounds. 

S,000 

10,000 

20,000 

30,000 

40.000 

50,000 

6,000 

60.000 

70,000 

80,000 

90,000 

100,000 

5,000 

110.000 

120.000 

130,000 

140,000 

150,000 

5,000 

180,000 

170,000 

180,000 

190.000 

200.000 

5,000 

210,000 

220,000 

230,000 

240,000 

250,000 

5,000 

280,000 

270.000 

280.000 

290,000 

300,000 

5,000 

810,000 

Pounds. 

Inch. 
0. 

Inch. 
0. 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
—.01 
—.01 
-.01 
—.02 
—.02 

0. 
—.02 
—.03 
—.03 
—.03 
-.03 

0. 

—  03 
—.03 
—.04 
-.04 
-.04 

0. 
-.04 
—.04 
—.01 
-.05 
—.06 
—.01 
—.08 
—.06 
-.06 
-.06 
—.08 
-.01 
—.08 

Ineh. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

X- 

5- 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

—.01 
-.01 
—.01 
—.01 

—  01 

—  01 

—  0] 

—  01 

Initial  load. 

.0008 
.0028 
.0048 
.0068 
.0090 

—.0003 

.0116 
.0140 
.01G2 
.0182 
.0209 

—.0002 

.0231 
.0254 

.0279 
.0302 
.0324 

—.0005 

.0340 

.0372 
.0398 
.0421 
.0445 

—.0003 

.0465 
.0490 
.0516 
.1540 
.0584 

—.0001 

.0580 
.0616 
.0840 
.0670 
.0699 

.0010 

.0729 
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AppUed  loads. 

In  general  length. 

Defleotionaatmlddle. 

Bemarks. 

Total. 

Per  Bouare 
incn. 

Comprea- 
sion. 

Set. 

HoriaoDtal.  Vertical. 

Pounds. 
320,000 
330,000 
340,000 
850,000 
6,000 
360,000 
870,000 
380.000 
383,200 

Poundt. 

Inch. 
.0750 
.0788 
.0820 
.0858 

Inch. 

Inch.           Inch. 
— .  07          — .  01 
— .  07          — .  01 
—.07          —.01 
— .  08          — .  01 
— .  02          — .  01 
-.08          -.01 
— .  09          — .  01 
—.10    !      —.01 
—.12    1      -.01 

.0042 

.0898 
.0938 
.0993 

1 

31.722 

Failed  by  buckling  plate  D  between  the  riveting,  at  points  12"  from 
the  middle,  and  20"  from  the  end  of  the  column. 

No.  378.— Set  B. 


t 


^^[ 


M}' 


^CT-CZ^TT- 


^ 


.r^r^r^ 


^ 


B 

(Tested  with  flat  ends.) 

Total  length,  10'  7".90. 

Gauged  length  (along  center  line  channel  A),  80". 

Total  weight  (includes  eye-plates),  515  pounds. 

Sectional  area. 

Square  inohea. 

Channel  A,  10' 8";  weight,  111  pounds;  web,  ".25 3.12 

Channels,  ICS";  weight,  114  pounds;  web,  ''.25 3.21 

Plate  C,  IC'8";  weight,  78  pounds 2.19 

Plate  D,  ID'S";  weight,  92  pounds 2.59 

11.11 


Applied  loads. 

In  gauged  leugth. 

Deflections  at  middle. 

TotaL 

Per  square 
incn. 

Comprea-  1       ^.^ 
sion.       ]       ^^• 

Hotl£ontal. 

Vertical. 

Bemarks. 

Poundt. 

5,000 
10,000 
20,000 
80.000 
40,000 
60,000 

5,000 
60,000 
70,000 
80,000 
90,000 
100,000 

6.000 

Poundt. 

0. 

.0010 
.0034 
.0060 
.0084 
.0110 

IneK 
0. 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 

0. 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Initial  load. 

•  ..^ 



-.0001 

.0134 
.0160 
.0187 
.0211 
.0234 

-.0001 

TESTS   OF   IRON   AND   STEEL   AND    OTHEB   MATEBIALS. 
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Applied  loads. 

In  gauged  length. 

1  DeflecUons 

!  Horizontal. 

Inch. 
0. 

0- 
0. 
0. 
0. 
0. 
0 
0. 
1            0. 

'     x* 
'     S; 

0. 

-.01 
-.01 

!       -.  01 

-.01 

1     z:l\ 

-.01 
'          -.01 

!      -%i 

1  -.01 
-.01 
-.01 

I  -.01 
0. 

1          -.04 

1  -.04 
-.04 

at  middle. 

Vertical 

Ineh. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 

0. 
0. 
0. 

Remarks. 

Total 

Per  sqnare ' 
incli. 

Compres- 
sion.      ' 

Inch. 

.0260  ; 

.0287 
.0311 
.0339 
.0362 

Set 

<    Pound*. 
110,000 

Pounds, 

Inch. 

9 

120,000 

130  000 

1       140, 000 

150.000 

1 

5,000 

-.0001 

160,000 

.0390    ' 

.0416 

.0442 

.0470 

.0495 

170, 000 

1«>,000 
190  000 

200,000 

5,000 
210,000 
220,000 

-f.OOOl 

.0521     , 
.0547     1 
.0572    1 
.0600 
.0629 

1 

230,000 

240  000 

0. 

250,000 

' 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.0. 

0. 

0. 

0. 

0. 

-.08 
-.08 
-.08 
-.08 

Ultimate  strength. 

5.000 

.0009 

260.000 
270,000 
280.000 
290,000 

.0658 

.0688 

.0718  ; 

.0747     1 
.0780    . 

300,000 

5,000 



1 

.0033 

310,000 

.0814 
.0850    1 
.0890 
.0938 
.0998    , 

320.000 



330.000 

340,000 

350  000 

""Voiii" 

5!  000 

360,000 

.1050 
.1173 

370,000 

:*::::::::::i 

372,900 

33,564    1 

Failed  by  buckling  plate  G  3(y'  from  end  and  plate  D  48"  from  end 
of  column. 

No.  367.— Set  B. 


(Tested  with  3 J"  pins.) 

Length,  center  to  center  of  pins,  15(K'. 
Gauged  length,  150''. 
Total  weight,  722  pounds. 
Counter- weight  at  middle,  360  pounds. 

Sectional  area. 

Square  inches. 

Channel  A,  15'  8";  weight,  156  pounds ;  web,  ".25 2.99 

Channel  B,  15' 8" ;  weight,  158  pounds ;  web,  ".25 3.03 

Plate  0,15' 8";  weight,  141  pounds ;  thickness,  ".27 2.70 

Plate  D,  15' 8";  weight,  141  pounds  j  thickness,  ".27 2.70 

11.42 
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TESTS   OF   IBON   AND   STEEL  AND   OTHEB  MATEBIALS. 


AppUed  loads. 

In  ganged  length. 

Deflections  at  middle. 

Remarks. 

Total. 

Per  square 
inoh. 

Compres-  j 
sion. 

Set. 

Horizontal. 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 

.01 
01 

Vertical 

Poundt. 

5.000 
10,000 
20,000 
30.000 
40,000 
50,000 

5,000 
60.000 

Pounds. 

Inch. 

0. 

.0020 
.0053 
.0093 
.0137 
.0180 

Inch. 
0. 

Inch. 

0. 

0. 
.01 
.01 
.02 
.02 

0. 

Initial  load. 
Ultimate  strsngtb. 

.0003 

""4 

.0229 
.0271 
.0317 
.0363 

70,000 

.  02    i           OK 

80.000 

90,000 

100.000 

6,000 
110,000 
120,000 
180.000 
140,000 
150,000 

5,000 
160,000 
170.000 
180,000 
190,000 
200,000 

6,000 
210,000 
220,000 
280,000 
240,000 
250,000 

5,000 
260,000 
270,000 
280,000 
290.000 
800.000 

6.000 
310,000 
820.000 
880.000 
840,000 
850.000 

5,000 
856,000 
860,000 
865.000 
867.000 
309.200 

.02 
.02 
.02 
.02 
.01 
.01 

0. 

0. 

.05 
.05 
.05 
.02 
.06 
.06 
.06 

M 

■*"• 

.0409 

.0008 



.0457 
.0503 

.0549 
.0597 
.0644 

0.                 .06 
.02              02 

.0007 

.mi 

.0738 

0. 

0. 

0. 

0. 

0. 

•. 

0. 

-.01 
-.01 
-.01 
-.61 
+.02 
-.01 
-.01 
-.01 
-.01 
-.61 
+.02 

0. 

.06 
.06 
.06 
.06 
.06 
.02 
.06 
.06 
.06 
.06 
.06 
.09 
.06 
.06 
.06 
.06 
.06 
.08 
M 

.0787 
.0834 
.0886 

V/.'.'.'.'.V.V.\ 

.0009 

.0038 
.0998 
.1087 
.1089 
.1142 

' 



.0021 

.iiw 

.1248 
.1308 
.1365 
.1428 

.0052 

.1484 
.1547 
.1618 
.1699 
.1794 

0.                  .06 
4-,  01              .06 

toi 

.08 
.04 
.05 
.07 
.11 
.15 
.23 

.06 
.06 
.08 
.06 
.08 
0. 

-.02 
-.02 

.0160 

.1866 
.1930 

32,829 

Failed  by  horizontal  deflection,  perpendicular  to  the  axis  of  the  pins; 
with  plate  0  on  the  concave  side. 
Pin-holes  in  channel-bar  webs  elongated  ''.06. 

No.  368.— Set  B. 


D  J^ 


icM^'^^^i 


(Tested  with  3^"  pins.) 


TESTS   OF   IRON  AND   STEEL   AND   OTHER  BiATEEIALS. 
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Length,  center  to  center  of  pins,  15'  O'M 

Gaugfed  length,  150''. 

Total  weight,  715  pounds. 

Counter- weight  at  middle,  357  pounds. 


Sectional  area, 

Sqnare  Inolies. 

Channel  A,  15' 8";  weight,  158  ponnde ;  web,  ".25 3.03 

Channels,  15' 8";  weight,  158  pounds ;  web,  ".25 3.03 

PlateC,  15'8";  weight,  140  pounds ;  thickness,  ".28 2.68 

PlateD,  15'8";  weight,  140  pounds ;  thickness,  ".28 2.68 

11.42 


Applied  loads. 


ToUL 


Per  saaare 
inca. 


In  ganged  length. 


Compres- 
sion. 


Set. 


Deflections  at  middle. 


Horisontal.  Vertical. 


Bemarks. 


Poundt. 
fi,000 
10.000 

ao.000 

80,000 

40,000 

60,000 

6,000 

00,000 

70,000 

80,000 

90,000 

100,000 

6,000 

110,000 

120,000 

180.000 

140.000 

160,000 

6,000 

160.000 

170,000 

180,000 

ioe.000 

200,000 

6,000 
210,000 
220,000 
230,000 
240,000 
250.000 

5,000 
200.000 
270.000 
280,000 
290,000 
800,000 

5,000 
810.000 
820,000 
830,000 
340.000 
850,000 

5,000 
855,000 
860.000 
865,000 
370,000 
375,000 

879,200 


Poundt. 


Inch. 
0. 


.0136 
.0184 
.0284 


Inch, 
0. 


.0284 
.0883 


.043  J 
.0481 


—.0001 


.0682 
.0681 
.0681 
.0681 
.0781 


—.0001 


.0780 
.0829 
.0879 
.0929 
.0979 


.0004 


.1028 
.1073 
.1123 
.1173 
.1220 


.9011 


.1270 
.1820 
.1370 
.1443 
.1497 


.0029 


.1560 
.1620 
.1689 
.1769 
.1850 


.0073 


.1906 
.1064 


.0187 


38,205 


\ 


JfMA. 

a 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.01 
.01 
.02 

0. 
.02 
.02 
.02 
.02 
.02 

0. 

.03 
.04 
.04 
.05 
.06 

0. 

.06 
.05 
.06 
.07 
.12 
.15 
.80 


Inch, 
0. 

—.01 
—.02 
-.08 
->08 
->08 
-.02 
-.04 
—.04 
— w04 
->04 
->04 
—.08 
—.04 
—.04 
— w06 
— w06 
->06 
—.04 
->06 
—.05 
—.06 
—.06 
— w06 
—.04 
—.06 
—.07 
—.07 
—.07 
—.07 
—.06 
—.07 
—.07 
—.07 
-.08 
—.08 
—.07 
—.10 
—.10 
—.10 
—.12 
—.18 
—.11 
—.13 
—.13 
—.15 
-.17 
—.20 
-.20 


Initial  lOMl. 


Ultimate  strength. 


Failed  by  horizontal  deflection,  perpendicular  to  the  plane  of  the  pins 
with  plate  0  on  the  concave  side.  TTZ 

Pin-holes  in  channel-bar  webs  elongated  '^05. 
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TESTS    OF   IRON   AND   STEEL   AND   OTHER   MATERIALS. 


No.  356.— Set  B. 


(Tested  with  3J"  pins.) 

Length,  center  to  center  of  pins,  20'. 

Total  weight,  914  pounds. 

Counter- weight  at  middle,  457  pounds. 

Sectional  area. 

Square  inches. 

Channel  A,  20' 8'' ;  weight,  210  pounds;  web, ''.25 3.05 

Channel  B,  20' 8"  ;  weight,  209  pounds;  web,  ".25 3.03 

Side-plate  C,  20' 8"  ;  weight,  188  pounds 2.73 

Side-plate  D,  20'  8";  weight,  180  pounds 2.61 

11.42 


Applied  loads. 

Id  ganged  length. 

Deflections  at  middle. 

Horizontal.  1  Vertical. 

Inehet.         Inch. 

0.               0. 

0.               0. 

0.                0. 

0.         ,         .02 

0.                  .03 

0.                  .03 

0.                  .02 

— .  01              .  05 

—.01              .06 

—.01              .06 

-^01              .06 

—.01     I          .06 

0.         '          .  02 

—.02    :          .07 

—.02     ,          .08 

—.02    ,          .08 

—.02              .08 

—.02    i          .08 

0.         '          .01 

Remarks. 

Total. 

Persqaaro'  Compres-  '        c  ♦ 

P<»ind». 

5,000 

10,000 

20,000 

30,000 

Poundt. 

Jneh.            Inck. 
0.                   0. 
.0016    ; 

Initial  load. 

.0061 
.0116 
.0169 
.0228 

4U,  000 

............ 

60,000 



5,000 

-.0010 

60, 000 
70,  000 
80,000 
90,000 

.0282 
.0342 
.0400 

.0461 
.0510 

100,  000 

5,000 

—.0016 

110, 000 



.0576 
.  0638 
.0699 
.0759 
.0820 

120,000 

130.000 
140,  000 
150,  000 
6,000 
160,000 
170,  000 
180  000 

. 

—.6623 

.0881 
.0948 

-^02 
—.02 
-^03 
— s04 

.09 
.09 
.10 
.10 

.1010 
.1073 

190.000 
200,000 
5,000 
2 JO,  000 
220  000 

.1138 



—.04    !          .10 

0.         '          .01 

—.04    '          .10 

— .  05              .  10 

—.0023 

.1200 
.1267 



230,  000 
240,000 
250,000 
5,000 
260,000 
270,000 
280,  000 
290,000 
300,000 

.1332 
.1400 
.1468 

—.06 
—.06 
—.06 
0. 
-^07 

.10 
.11 
.10 
.03 
.13 

-.0011 

.1530 
.1600 
.1676 
.1748 
.1828 

—.07    1          .14 
-.08    !          .14 
— .  07              .  14 
— .  00              . 1!S 

...  ... 

.........    . 

. 

TESTS   OF   IBON   AND   ST£EL   AND   OTHER   MATEBIAL8. 
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Applied  loada. 

In  ganged  lengtlis.       Deflections  at  middle. 

BemarkB. 

ToUL       ^"l^-T" 

Comprea- 
sion. 

!               1 

Set.         Horiaontal.'  Vertical. 

Pound*. 
6.000 
310,000 
815.000 
820.000 
827.000 
880,000 
886,000 
840,000 
842,000 
810,000 

166,000 

5.000 
160,000 

Pwndi, 

Inch. 

Inch.      \     InchM.         Inch. 
.0089    1         ^02    i         .07 

lilorometer  re* 
moved. 

Ultimate  strength. 

and  deflection. 

after  springing. 

Maximnm  load  sus- 
tained after  above 
deflection. 

—  18    1         .16 

—  13    1          .20 

—  15    1          .20 

—  19    1         .23 

—  21              .28 

—  24              .26 

—  80    1          .27 
— %46               -SO 

20,947 

^00 

—3.27 

—2.10 
—3.55 

Failed  by  horizontal  deflection,  perpendicular  to  the  plane  of  the 
pins,  plate  0  being  on  the  convex  side. 

When  sadden  springing  occurred,  plate  D  was  buckled  between  the 
riveting  2^"  from  the  middle  of  the  length  of  the  colamn. 

Pin-holes  in  channel- webs  elongated  '^01^  each. 


No.  357.— Set  B. 


^dlWl^ 


^^^ 


.8 


M 


A 


Pi 


(Tested  with  3^''  pins.) 

Length,  center  to  center  of  pins,  2(y. 

Ganged  length  (along  center  line  of  channel  A),  200''. 

Total  weight,  905  pounds. 

Counter- weight  at  middle,  452  pounds. 

Sectional  area. 


Channel  A,  20'  8";  weight,  207  pounds;  web,  ".25. 
Channel  B,  20^  8";  weight,  210  pounds ;  web,  ".26. 

Side  plate  C,  20*  8"  ;  weight,  183  pounds 

Side  plate  D,  20'  8" ;  weight,  179  pounds 


Square  inches. 

3.00 

3.05 

2.66 

2.60. 


11.31 


S.  Ex.  35 2 
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TESTS   OF   IBON   AND   STEEL   AND   OTHEB  HATEBIALS. 


Applied  loads. 

In  ganged  length. 

Bemarka. 

Total. 

Peraqawe 
inok. 

Coniprea* 
sion. 

Set. 

HoriBontaL 

YerticaL 

Found*. 

^000 

10,000 

20,000 

80.000 

40.000 

60,000 

5,000 

60,000 

70.000 

60.000 

90,000 

100.000 

6,000 

110,000 

180,000 

180.000 

140.000 

160,000 

5*000 

160,000 

170,000 

180,000 

100,000 

800,000 

5,000 

810.000 

220,000 

280,000 

240,000 

260,000 

6,000 

200,000 

270.000 

280,000 

200,000 

800.000 

6.000 

810,000 

816.000 

320.000 

826,000 

880.000 

880,100 

Poundi. 

Inch. 

0. 

.0080 
.0104 
.0160 
.0228 
.0298 

Inch, 
0. 

0.* 

0 

0. 

0. 

0. 

-sOl 

0. 
—.01 
-^01 
—.01 
->01 
-.02 

0. 

->08 
-^08 
-^03 
-.08 
-.08 

0. 

-.04 
-.04 
-.04 
—.04 
-.04 

0. 

-.06 
-.06 
—.06 
—.07 
-.07 

0. 
-.09 
-.10 
-.18 
—.13 
—.17 
-.08 
-.20 
-.28 
-s27 
—.82 
-.45 
-.18 

Inch. 

0. 

0. 

0. 

0. 

—.01 
—.01 

0. 

—.01 
—.01 
—.01 
—.01 
—.01 

0. 

-.01 
-.01 
-.08 
-.08 
-.08 
-.01 
-.08 
-.08 
-s08 
—.06 

0. 

.0886 
.0416 
.0482 
.0647 
.0610 

0. 

.0676 
.0787 
.0804 
.0867 
.0061 

.0010 

.0090 
.1066 
.1118 
.1186 
.1847 

-.08    1 
-.08 

.0016 

.1818 
.1878 
.1444 
.1611 
.1680 

—.09 
-.03 
—.08 
—.08 
-.08 
—.08 

.0041 

.1661 
.172b 
.1707 
.1870 
.1964 

->08    1 
—.08 
—.08    1 

->03 
-.08 
-.08 
-.08 
-.08 
-.08 
—.08 
-.08 
—.08 

Micrometer  removed. 
Ultimate  atrength. 

.0110 

80,186 

Failed  by  horizontal  deflection;  with  plate  0  on  the  convex  side. 

After  reaching  the  maximnm  load,  deflection  increased  slowly  till  it 
had  reached  — 0^^75.  the  load  at  the  time  being  320,000  ponnds.  From 
this  point  the  rate  or  deflection  accelerated  till  it  reached  — 1'^80  under 
310,000  pounds  load,  when  sudden  springing  occurred,  increasing  the 
horizontal  deflection  to  ^3^^35,  while  the  pressure  fell  to  155,000  pounds. 

Released  to  the  initial  load  the  deflection  was  — 2'^08. 

A  sharp  bend  was  found  20  inches  from  the  middle  of  the  post:  the 
plate  on  the  concave  side  buckled  between  the  riveting.  Pin-noles 
elongated  O^'.Ol. 


^ 


^ 


9 
^ 

iS 


TESTS   OF   IBON   AND   STEEL   AND   OTHER   liATEfilAliS. 

No.  371.— Set  C. 
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(Tested  wiUi  3^''  pins.) 


Length,  center  to  center  of  pins,  9'  11^^9. 
Ganged  length,  SO". 
Total  weight,  500  poands. 
Kot  counter- weighted. 

Sectional  area. 

Square  inohes. 

Plate  A,  10' 8";  weight,  TOpounds 1.97 

PlateB,  ICS";  weight,  70  pounds 1.97 

Plate  C,  10' 8";  weight,  51  poonds 1.43 

Plate  D,  ID'S";  weight,  50 pounds 1.41 

Fonr  angles,  1&  &*;  weight,  84  ponnds 2.96 

Total 9JL4 


AppUed  loads. 

In  ganged  length. 

Deflections  at  middle. 

Bemarka. 

Total. 

Per  sqiuTe 

Compres- 
sion. 

Set. 

Horizontal. 

Vertical. 

Pound*. 

6,000 

lO.OUO 

20,000 

80,000 

40,000 

60,000 

6.000 

00,000 

70,000 

80,000 

90,000 

100,000 

120,000 
180,000 
140,000 
150,000 

6;  000 
100,000 
170,000 
180,000 
190.000 
200,000 

6,000 
210.000 
220.000 
280,000 
240,000 
260,000 

Potindf. 

IWfh. 

0. 

.0012 
.0048 
.0076 
.0108 
.0139 

Inch. 
0. 

Inch, 
0. 

0. 

a 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
-.01 

0. 

-.01 
-.01 
-.01 
—.01 
—.01 

0.   • 
0. 
0. 
0. 
0. 
.01 

a 

.01 
.02 
.02 
.08 
.08 
0. 

:ig 

.02 

:8 

0. 

.02 
.02 
.02 
.02 
.02 

0. 

.02 
.02 
.02 
.02 
.02 

Initial  load. 
Snapping  sounds. 

0. 

.0172 
.0204 
.0284 
.0287 
.0800 

-.0001 

.0884 

.0800 
.0204 
.0440 
.0474 

.0011 

.0614 
.0649 
.0688 
.0028 
.0000 

.0080 

.0700 
.0740 
.0782 
.0824 
.0870 

20  TESTS   OF   IRON   AND   STEEL   AND   OTHER   UkT^klALS. 


AppUed  loads. 

In  gauged  length. 

DefleoUona 

at  middle. 
Vertical. 

Remarks. 

Total. 

Per  Bquare 

CompreB- 
Bion. 

Set. 

HorizontaL 

Poufkft. 

5,000 

260,000 

265,000 

6,000 
280,000 
286,000 
286,100 

Pounds, 

Inch, 

Ineh. 
.0072 

Inch, 

—.01 
—.01 
-.01 
—.01 
+.02 
0. 
^01 
.02 

Ineh, 
0. 
.08 
.03 
.04 
.05 
.08 
.08 
.10 
.11 

.0914 
.0945 
.0966 
.0994 

.0117 

81,802 

Failed  by  buckling  the  plates  22^^  from  center  of  pin-hole,  between 
the  rivets  in  the  first  pitch  beyond  the  eye-plates. 
Pin-holes  in  continuous  plates  elongated  '^06.  * 


No.  372.— Set  0. 


% 


\ 


Mri^ 


-a 


H-§«  C 


(Tested  with  3J"  pins.) 

Length,  center  to  center  of  pins,  W. 
Gauged  length,  W. 
Total  weight,  525  pounds. 
Not  counter- weighted. 

SvMonal  area* 


Plate  A,  10'  8" ;  'weight,  81  pounds 

Plate  B,  10'  8";  freight,  81  ponnds , 

Plate  C,  10'  8";  weight,  59  poundg 

Plate  D,  10'  8" :  weighl^  52  poundg 

Four  angles,  l(r  8";  weight,  85  poonds 


Square  inehea. 

2.88 

2.28 

1.66 

1.46 

2.39 


Total. 


10.07 


TESTS   OF  IBON   AND  STEEL  AND  OTHEK  MATERIALS. 
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Applied 


fot--  rto'SGT 


Poundf. 

S,000 

10.000 

20,000 

80,000 

40,000 

50,000 

5,000 

00,000 

70,000 

80,000 

80,000 

100,000 

6.000 

110,000 

120,000 

130,000 

140,000 

150.000 

5,000 

100.000 

170,000 

180,000 

180,000 

200,000 

5,000 

210,000 

220.000 

230,000 

240,000 

250.000 

5^000 

250,000 

200.000 

265,000 

270,000 

275,000 

5,000 

280,000 

285,000 

200,000 

295,000 

300,000 

30^000 

310,000 

315.000 

819,200 


Pounds. 


In  gaoKed  length. 


Compre 
slon. 


0. 

.0013 
.0043 
.0078 
.0103 
.0134 


Set. 


Deflections  »t  middle. 
Horiaontal.  Yertioal. 


Iiuh. 

0. 


I 


.0106 
.0198 
.0227 
.0258 


—.0001 


.0321 
.0353 
.0382 
.0418 
.0449 


.0480 
.0512 
.0544 
.0578 
.0612 


.0009 


.0640 
.0682 
.0719 
.0755 


.0023 


"oooo  * 

.0812 
.0832 
.0858 
.0878 
.0899 

.'6089*' 



31,608 


Inch, 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  . 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

-.01 

0. 

0. 

0. 

-%01 

0. 

-^01 

-.01 

—.01 

-.01 

—.01 

-.01 

—.01 

-.01 

0. 

0. 

-.01 

-.02 

—.01 

-.02 

-.01 

—.02 

—.01 

—.02 

-^01 

—.02 

0. 

-.01 

—.01 

—.08 

—.01 

—.03 

—.01 

-.08 

-.01 

^03 

—.02 

—.03 

0. 

-.02 

—.02 

-^03 

—.02 

-.03 

—.02 

-.03 

—.02 

—.03 

—.02 

-.03 

0. 

-.02 

—.02 

-^04 

—.02 

^05 

—.03 

-.06 

—.03 

-.06 

-.03 

-.07 

^03 

—.08 

-%04 

—.08 

-.05 

—.10 

^04 

—.17 

Bemarka. 


Initial  load. 


Snapping  sounds. 


Ultimate  strength. 


Failed  by  buokling  the  plates  between  the  riveting.    Plate  A  backled 
41"  from  center  of  3i''  pin;  plate  B  buckled  2(y'  from  center  of  3^''  pin. 
Pin-holes  in  continuous  plates  elongated  ".07. 

No.  370.— Set  0. 
-4. 


^ , c^ 


.5 


r 


(Tested  with  ^\"  piDS.) 


22 


TESTS   OF   IRON   AND    STEEL   AND   OTHER   MATERIALS; 


Length,  center  to  center  of  pins,  16' — 0". 

Gauged  length,  IW. 

Total  weight,  668  poands. 

Ooanter- weight  at  middle,  334  poands. 


Sectional  area. 

Square  inchea. 

Plate  A,  15' 8";  weight,  lOGponnds 2.03 

Plate  B,  15' 8";  weight,  101  pounda 1.93 

Plate  C,  15' 8";  weight,  72  pounds 1.38 

Plate  D,  15' 8";  weight,  72  pounds L38 

Fourangles,  15' 8" ;  weight,  ISaponnds 2.49 

Total 9.21 


AppUed  loads. 

In  ganged  length. 

Delleotiona  at  middle. 

Bemarks. 

Total. 

Per  sqnare 
inck. 

Compre9- 
Bion. 

Set 

Horizontal. 

Vertical. 

Pounds. 

6,000 
10,000 
20,000 
80.000 
40,000 
50.000 

6,000 
00,000 
70.000 
80.000 
90,000 
100.000 

6.000 
110,000 
120,000 
130.000 
140,000 
160.000 

6,000 
160,000 
170. 000 
180.000 
190,000 
200,000 

6,000 
210,000 
220,000 
280,000 
240.000 
260,000 

5,000 
250.000 
255,000 
200.000 
270,000 
275,000 

5,000 
280,000 
285,000 
290,000 
291,500 

Pound*. 

Inch. 

0. 

.0009 
.0040 
.0076 
.0110 
.0147 

Ineh. 

0. 

Ineh, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
—.01 

0. 
—.01 

-sOl 

^01 

—.01 

-.01 

0. 

— wOl 

-^02 
-.02 
—.02 
—.02 
0. 
—.02 
-^02 
-.02 

t^ 

—.02 
—.02 
—.02 
^01 
+.02 
—.01 
0. 

Ineh. 

0. 

0. 

0. 

.02 
.02 
.08 

0. 
.04 
.04 
.04 
.04 
.05 

0. 
.05 
.05 
.05 
.06 
.06 
.01 
.06 
.06 
.06 
.06 
.06 
.02 
.07 
.08 
.09 
.10 
.10 
.06 
.12 
.18 
.13 
.14 
.15 
.07 
.17 
.20 
.23 
.30 

Initial  load. 

-.0004 

.0181 
.0219 
.0258 
.0292 
.0828 

^0011 

.0366 
.0402 
.0440 
.0478 
.0614 

—.0019 

.0661 
.0591 
.0628 
.0679 
.0705 

— w0022 

.0789 
.0777 
.0813 
.0850 
.0888 

—wOOlO 

.0882 
.0899 
.0918 
.0956 
.0972 

"'"^ooii"' 

81,650 

' 

Failed  by  horizontal  deflection,  parallel  to  the  axis  of  the  pins. 
Plate  B  buckled  at  the  middle,  between  the  rivets,  when  the  deflection 
had  reached  ''.50  vertical. 
Pin-holes  in  continuous  plates  elongated  ''.04. 


TESTS    OP   IKON   AND   STEEL   AND   OTHER   MATERIALS. 


2S 


No.  369.— 8bt  0. 


D     .  -^ 


.      C 


J? 

(Tested  with  3J''  pins.) 

Pins  not  parallel.    Angle  between  planes,  2^^. 
Length,  center  to  center  of  pins,  15' — (K^ 
Gauged  length,  ICKK'. 
Total  weight,  680  ponnds. 
Oounter-weight  at  middle,  334  poands. 

Seciional  area, 

Sqoare  inches. 

Plate  A,  15'  b";  weight,  115  pounds 2.20 

Plate  B,  15' 8";  weight,  103  pounds Ll)7 

PlateC,15'8";  weight,    75  pounds 1.44 

PlateD,  15'8";  weight,    70  pouuds 1.34 

Four  angles,  each  15'  8";  weight  32i  pounds 2.49 

9.44 


Applied  loAde. 

Id  ganged  length. 

Deflections  at  middle. 

Bemarka. 

Total. 

Per  M  nare 
incn. 

Compres- 
sion. 

Set. 

Horizontal. 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 

—.01 
—.01 
—.02 
—.02 

0. 
—.03 
—.04 
—.04 
—.04 
—.04 

0. 
.05 
—.06 
—.06 
—.06 
—.07 

0. 
—.07 

1 
Vertical. 

Pounds. 
6,000 

Pound*. 

Inch. 

0. 

.0010 
.00o2 
.0094 
.0136 
.0179 

Inch. 

a. 

Inch. 

0. 

0. 

0. 

.01 
.01 
.01 

0. 

.01 
.01 
.01 
.01 
.01 

0. 
.01 
.01 
.01 
.01 
.01 
.01 
.02 
.03 
OS 

Initial  load. 

10,000 

20,000 

30,000 

40,000 

50,000 

6,000 

.0003 

60,000 

.0219 
.0259 

70,000 

80,000 

.0299 
.0339 
.0379 

90,000 

100,000 

5,000 

.0009 

110.000 



.0420 
.0460 
.0500 
.0540 
.0579 

120,000 

130.000 

140,000 

150,000 



5,000 

.0016 

100,000 

.0618 

170,000 

.0660 
.0698 
.0738 
.0775 

180,000 



190,000 

.08        ^^,^y^^. ,.        1 

200.000 

5,000 

210,000 

.04 
.01 
.05 

.0028 

.0814 

24  TESTS   OF   IRON   AND    STEEL   AND   OTHER   MAT^i/ALS. 


AppUed  loads. 

In  ganged  length. 

Deflections  at  middle. 

! 
Bemarks. 

T<>t«i-    ^'toX" 

1 
C«J9P„7»-  i       Set. 

Horizontal. 

Vertical. 

Poundt. 
220.000 
230,000 
240,000 
250,000 
5,000 
260,000 
270,000 
275,000 
5,000 
260,000 
285,000 
290,000 

Pounds. 

Inch.      ,      Inch. 

OftSA 

Inch. 

—.08 
—.08 
-^09 
—.10 
—.02 
—.12 
—.13 
-.16 
—.03 
—.18 
—.20 
-.21 

Inch. 
.05 
.06 
.06 
.07 
.02 
.10 
.12 
.12 
.03 
.12 
.12 
.03 

1 

!          .0894    1 

0938     

i        .oasst    ..  - 

.0054 

.1032    ' 

' 

1       .iiio   ' 

1 0088 

.1138       

1          .1178      .- 

30.720 

Ultimate  strength. 

After  passing  the  maximum  load  the  pressure  fell  gradually  to  285,000 
pounds,  while  the  middle  deflections  remained  at — ''.21  horizontal  and 
''.03  vertical. 

The  post  then  sprung  suddenly  perpendicular  to  the  plane  of  the  pins, 
increasing  the  middle  deflections  to  — 1".10  horizontal  and  — ".30  ver- 
tical; plates  A  and  B  buckling  between  the  rivets  24"  and  18"  from  one 
end,  giving  the  post  a  sharp  bend  at  this  point.  The  resistance  of  the 
post  fell  to  120,000  pounds. 

Pin-holes  in  continuous  plates  elongated  ".04. 

No.  354.— Set  C. 

,X2i , , iCi, 


1 


^ 


W 


k 


*T^» ^ ^~^ ^ 


(Tested  with  3i"  pins.) 

Length,  center  to  center  of  pins,  20' — 0". 

Gauged  length  (along  center  line  of  plate  A),  200". 

Total  weight,  830  pounds. 

Counter- weight  at  middle,  415  pounds. 

Sectional  area. 

Square  inches. 

FlAte  A,2(y  S";  weight,  142  pounds 2.06 

Plate  B,20'  8";  weight,  140  pounds 2.03 

Plate  C,  20' 8":  weight,  97  pounds 1.41 

Plate  D, 20' 8"^;  weight. 96  pounds 1.39 

Four  angles,  each  20'  8"j  weight,  40^  pounds 1 2.35 

9.24 


TESTS  OP  lEON  AND  STEEL  AND  OTHEE  MATERIALS. 
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AppU«d  loads. 

In  ganged  length. 

Remarks. 

Total. 

Poraquare 
Inrh. 

aion. 

Set. 

Horizontal. 

Jnth. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

-.02 
-.02 
-,02 
-.03 
-.03 
-.01 
-.05 
-.05 
-.05 
-.06 
-.06 
-.01 
-.06 
-.07 
-.07 
-.07 
-.08 
-.03 
-.10 
-.11 
-,-.12 

Vertical. 

P<mnd*. 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

40,000 

50,000 

5,000 

60,000 

70.000 

80,000 

90,000 

100,000 

5,000 

110,000 

120,000 

130,000 

140,000 

150,000 

5,000 

160,000 

170.  000 

180,000 

190,000 

200,000 

5,000 

210,000 

220,000 

230,000 

236,000 

240,000 

250.000 

5,000 

260.000 

267,500 

Potindt, 

Inch. 

0. 

.0014 
.0043 
.0076 
.0114 
.0153 
.0229 
.0308 

Inch. 
0. 

Inch, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
^02 

0. 

0. 

0. 

0. 

iioa 

t: 

0. 

0. 

0. 
-.03 

0. 

0. 

0. 

.01 
.02 
-.02 
.02 
.03 
.04 

InitUIload. 



* 

-.0002 

.0383 
.0459 
.0538 
.0614 
.0683 



.0001 

.0773 
.0853 
.0931 
.1011 
.1091 



"  .ooio" 

.1171 
.1253 
.1333 
.1417 
.1496 

1 

Sharp,  snapping 
soands. 

.0033 

.1681 
.1663 
.1744 



.1818 
.1883 

-.14 
-.18 
-.05 
-.20 
-.25 

.08 
.15 
.03 
.27 
.40 

.0060 

Mic-rometer  re- 

moved. 

28,950 

Ultimate  strength. 

Failed  by  triple  flexure;  deflecting  upwards  at  the  middle,  in  the 
plane  of  the  3^'^  pins.  The  maximum  deflection  occurred  2  feet  from 
the  middle  of  the  length  of  the  post. 

Pin-holes  A  and  B  in  the  J"  plates  elongated  ''.02  to  ''.03  eachj 
the  ej^e-plates  slipping  a  corresponding  amount  along  the  axis  of  the 
post,  and  without  elongating  their  pin-holes. 

Frequent  sharp,  snapping  soands  were  heard,  preceding  the  time  of 
failure. 


Ko.  355.— Set  C. 


5.45^ 
X.35 


5:45 
K.'b5 


w 


Jk 


T37 « TT^ ^IT- 

-«-        S.10  X.25        -* 

(Tested  with  3^"  pins.) 
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TESTS   OF   IRON  AND   STEEL   AND   OTHER  MATERIALS. 


Length,  center  to  center  of  pins,  20'. 

Gauged  length  (along  center  line  of  plate  A),  200'^ 

Total  weight,  838  pounds. 

Counter- weight  at  middle,  419  pounds. 

Sectional  area. 

Square  inches. 

Upper  plate  A,  20' 8";  weight,  148  pounds i 2.15 

Under  plate  B,  20' 8";  weight,  142  pounds 2.06 

Side  plate  C,  20^  8" ;  weight,  96  pounds 1.39 

Side  plate  D,  20' 8":  weight,  97  pounds 1.41 

Four  angles,  each  20' 8";  weight,  40^  pounds 2.35 

9.36 


Applied  Ipada. 

In  ganged  length. 

Bemarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Horizontal. 

YerUcaL 

Poundt. 
6,000 
10,000 
20,000 
80,000 
40.000 
60.000 
6,000 
60.000 
70,000 
80,000 
90,000 
100,000 
5,000 
110,000 
120,000 
130,000 
140,000 
150,000 
5.000 
160,000 
170,000 
180,000 
100,000 
200,000 
6,000 
210, 000 
220.000 
280.000 
240.000 
250,000 
5,000 
260,000 
270,000 
279, 700 

Poundt. 

Inch, 

0. 

.0038 
.0110 
.0190 
.0266 
.0343 

Inch, 
0. 

Inch. 

0. 

0. 

0. 

—.01 

—  01 

—  02 
0. 

—  02 

—  08 

—  04 

—  04 

—  05 
0. 

—  06 

—  06 

—  06 

—  06 

—  07 
0. 

—  08 

—  08 

—  08 

—  09 

—  10 
0. 

—  10 

—  11 

—  13 

—  14 

—  17 

—  04 

—  20 
-.24 

—  36 

Ineh. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

u. 

0. 

0. 

0. 

0. 
.02 
.02 
.03 
.04 

0. 

.05 
.06 
.08 
.10 
.13 
.06 

Initial  load. 

Hiorometer  re- 
moved. 

Ultimate  strength. 

.0010 

.0422 
.0499 
.0573 
.0653 
.0729 

."6014" 

.0808 
.0880 
.0966 
.1036 
.1108 

.0019 

.iise 

.1262 
.1334 
.1416 
.1493 

.0029 

.1570 
.1660 
.1730 
.1810 
.1881 



.0057 

29,879 

When  the  horizontal  deflection  had  reached  aboat  ''.60,  the  column 
sprung  suddenly,  increasing  the  deflection  to  2'MO;  at  the  same  time  its 
resistance  as  a  post  fell  to  70,000  pounds. 

The  bend  at  the  middle  was  a  sharp  one,  starting  fractures  where 
plates  were  exposed  to  tensile  strain. 

Pin-holes  A  and  B  in  J"  plates  elongated  ".03  each.  Pin-holes  in  eye- 
plates  not  elongated.  The  plates  slipped  along  the  post  in  the  line  of 
pressure. 
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STo.  360.— Sbt  D. 


4S 


-.&» 


A 


^^^^ 


(Tested  with  3J^'  pins.) 

Length,  center  to  center  of  pins,  13'  4j^''. 

Gauged  length  (along  center  line  of  channel  A),,120^^ 

Total  weight,  865  pounds. 

Counter-weight  at  middle,  432  pounds. 

&eGt%(maX  area. 

Sqmce  inohM. 

Channel  A,  14'  4";  weight,  221  pounds ;  web,  ".31 4.63 

Channel  B,  14' 4";  weight.  223  poundfl ;  web,  ".31 4.67 

Web  pbkte  C,  13'  1" :  weight,  103  pounds ;  thickness,  ".30 2. 36 

Fonr  angles,  each  14'  4";  weight,  44  pounds 3.68 

15.34 


AppUed  loads. 

In  ganged  length. 

Deflections  at  middle. 

Bemarks. 

Total. 

Per  square 
inol. 

Compres- 
sion. 

Set 

Horizontal 

Vertloal. 

Pounds. 

5,000 

10,000 

20,000 

80,000 

40,000 

50,000 

5,000 

60,000 

70,000 

80,060- 

90,000 

100.000 

5,000 

110, 000 

120,000 

130,000 

140,000 

150,000 

6,000 

160,000 

170,000 

180,000 

190,000 

200,000 

5,000 

210,000 

220,000 

230,000 

240,000 

250,000 

5,000 

260,000 

270,000 

280,000 

Pounds. 

Inch. 

0. 

.0004 
.0025 
.0050 
.0078 
.0100 

InOi. 
0. 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 

0. 

-.01 
—.01 
-.02 
—.03 
-.03 

0. 

-.02 
-.02 
—.02 
-.02 
-.02 

0. 

-.02 
-.02 
-.02 

Ineh. 

0. 

0. 

0. 

0. 

.01 
.02 

0. 

.01 
.02 
.02 
.02 
.02 

0. 

.02 
.02 
.02 
.02 
.02 

0. 

.01 
.01 
.01 
.01 
.01 

0. 

0. 

0. 

0. 

0. 
-.01 

a 

-.01 
-.01 
-.01 

Initial  load. 
Snapping  sounds. 

.0001 

.0120 
.0152 
.0176 
.0202 
.0229 

.0001 

.0253 
.0280 
.0306 
.0333 
.0360 

.0001 

.0300 
.0417 
.0444 
.0471 
.0501 

.0004 

.0528 
.0555 
.0585 
.0614 
.0643 

.0010 

.0670 
.0703 
.0782 

28  TESTS   OP  IRON  AND   STEEL   AND   OTHER   MATEBfALS. 


Applied  londs. 

In  ganged  length. 

Deflections  al  middle. 

Bemarks. 

Total. 

Pep  Mnare 
inch. 

Comprea- 
sion. 

Set 

i 

HoriEontal.,  YerticAl. 

Pounds. 
200,000 
300,000 
5,000 
310,000 
820,000 
330.000 
840, 000 

Pounds. 

Inch. 
.0760 
.0790 

Inch. 

1 
Inch.      ;     Inch. 
-.  03           — .  02 

-.03 
0. 

-.03 
—.03 

-.02 
0. 

-  .02 
_.o-> 

.0015 

.0820 

.0852 
.0882 
.0918 
.0960 

-.03           -.02 
-.03     1       -.02 
-.03    1       -.02 
0.         '      +.04 
-.01     1      +.01 
-.01     1          .01 
_. 01              -  02 

350,000 

6,000 

.0028 

860,000 
370,000 
380, 000 
390,  000 
400,000 
5.000 
410, 000 
420,000 
425,000 

.0984 
.1020 

.1052 
.1092 
.1129 

-.01 
0. 

+.02 
.02 
.02 
.02 
.02 
.02 
.03 
.04 
.04 
.05 
.06 
.07 
.07 

.08 

.06 
0. 

-.05 
-.02 

.03 
.05 
.11 
.11 
.12 
.13 
.15 
.17 
.20 
.22 
.24 
.27 
.33 
.41 
.47 
C       .53 
i       .65 
.82 
1.10 
1.22 
.94 

, 

.0054 

.1177 
.1223 



.1249 
.1272 
.1298 

430, 000 

435,000 

440,000 

Ultimate  strength. 

445,000 

450, 000 
455.000 



460,000 

465,000 

465,700 

470, 000 

475, 000 

80,066 

470, 000 

1 " 

460,000 

5,000 

Failed  by  deflecting  upward  in  tbe  plane  of  the  3J''  pins. 

When  released  from  stress  the  post  sprung  diagonally,  showing  per- 
manent deflections  of  about  — ''.20  horizontal,  and  +".20  vertical. 

Pin  holes  in  webs  of  the  channels  elongated  ".02;  those  in  the  eye- 
plates  did  not  elongate,  but  slipped  along  the  webs  of  the  channel-bars. 

No.  361.— Set  D. 


N 


n^r. 


?^ 


A 


.31-' 


.  JLi 


r^ 


v\ 


-fc' ^zf- 


^ 


(Tested  with  3^"  pins.) 

Length,  center  to  center  of  pins,  13'  4". 

Oauged  length  (along  center  line  of  channel  A),  120". 

Total  weight,  890  pounds. 

€ounter- weight  at  middle,  445  pounds. 


TESTS   OP   IRON   AND   STEEL   AND   OTHER   MATERIALS. 


29 


Sectional  area. 


Channel  A,  14'  4" ;  weight,  240  pounds ;  web 

Channel  fi,  14' 4'';  weight,  2*21  poands;  web 

Web  plate  C,  13'  1";  weight,  103  pounds;  thickness,  ".31. 
Four  angles,  each  14'  4"  ;   weight,  43  pounds 


Sqnare  inches. 

5.oa 

4.63 

2.36 

3.39 


Total 15.40 


AppUed  loads. 

In  gauged  length. 

Deflections 
Horizontal. 

at  middle. 

Bemarks. 

Total. 

Per  square 
inoL 

Compres- 
sion. 

Set. 

Vertical 

Pounds. 

5,000 
10,000 
20,000 
30,000 
40.000 
50.000 

6.000 
60,000 
70,000 
80,000 
90,000 
100.000 

5,000 
110,000 
120,000 
130,000 
140,000 
160,000 

5,060 
160,000 
170,000 
180,000 
190.000 
200,000 

6,000 
210,000 
220,000 
230.000 
240,000 
250,000 

5,000 
260,000 
270,000 
280.000 
290.000 
300,000 

6,000 
810,000 
320,000 
830.000 
840.000 
350,000 

5.000 
360,000 
370,000 
880,000 
390,000 
400,000 

5.000 
410.000 
420,000 
430.000 
440.000 
450.000 

6,000 
460.000 
466.000 
470,000 
475.000 

6,000 
480,000 
485,000 
422,000 

6,000 

Pounds. 

Ineh. 

0. 

.0006 
.0029 
.00o8 
.0077 
.0101 

0. 

Ineh. 

0. 

0. 

0. 

0. 
—.01 
—.01 

0. 
-.01 
—.01 
-%01 
—.01 
-.02 

0. 
—.02 
-.02 
-.02 
-.02 
—.02 

0. 
-.08 
—.03 
^08 
-.08 
-.08 

a 

—.08 

-.03 

—.03 

—.08 

—.08 

.  0. 

-.08 

—.04 

-.04 

-.04 

-.04 

a 

-.04 
-.04 
—.06 
—.06 
-.06 

0. 

—.06 
—.06 
—.06 
—.06 
—.06 

0. 

—.07 
-.07 
—.07 
—.08 
-.09 
-.02 
—.11 
—.12 
—.18 
—.14 
—.05 
-.28 
-.29 
—1.00 
—.57 

Ineh. 
0. 

a 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

—.01 
—.01 
-.01 
-.01 
—.01 
-.01 
-.01 
-.01 
-.01 
—.01 
—.01 
—.01 
-.01 
-.01 
—.01 
-.01 
-.02 
—.02 
-.02 
—.02 
—.02 
-.02 
—.02 
—.02 
—.01 
-^01 
—.01 
—.01 
-^01 
-^01 

0. 

0. 

0. 

0. 

0. 

.06 
.08 
.08 

Initial  load. 
Snapping  sonnds. 

TTltimateatrangth. 

X 

0. 

.0124 
.0149 
.0172 
.0197 
.0220 

— .0002 

.0244 
.0270 
.0297 
.0324 
.0860 

-.0003 



.0879 
.0406 
.0432 
.0469 
.0486 

••■ 

-.0002 

.0613 
.0639 
.0565 
.0502 
.0619 

0. 

.0646 
.0678 
•    .0700 
.0727 
.0764 

.'0006" 

.0788 
.0810 
.0838 
.0869 
.0898 

.0016 

.0930 
.0059 
.0903 
.1024 
.1059 

.0040 

.1104 
.1131 
.1168 
.1209 
.1250 

.0093 

.1303 
.1383 
.1856 
.1380 



.0149 

81.494 

\ 

Failed  by  horizontal  deflection,  perpendicular  to  the  plane  of  the  3^'^ 


pms, 


Pin-holes  in  channel-bar  webs  elongated  ^^01^  each. 
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No.  379.— Set  B. 


(Tested  with  flat  eDds.) 

,  Total  length,  13' 11^80. 
Gaaged  length  (along  center  line  channel  A),  ICKK'. 
Total  weight  (inclades  eye-plates),  955  poands. 

Seotianal  area. 

Square  inohei. 

Channel  A,  14' 4";  weight,  237  pounds ;  web,  ".34 4.96 

Channel  B,  14' 4";  weight,  235  pounds;  web,  ".34 4.91 

Plato!C,  14';  weight,  152 pounds 3.26 

PlateiD,14';  weight,181  pounds 3.88 

Total 17:01 


AppUed  loads. 

In  gaaged  length. 

Bemarka. 

TotaL 

Per  mare 

Compres- 
tion. 

Set. 

Horisontal. 

YerUoaL 

P<nmdt. 

10,000 

20,000 

40,000 

60.000 

80,000 

100,000 

10,000 

120.000 

140.000 

160,000 

180,000 

200,000 

10,000 

280,  MO 

240,000 

200.000 

280,000 

300,000 

10,000 

820,000 

840,000 

360,000 

880,000 

400.000 

10,000 

420,000 

440,000 

460,000 

480.000 

500,000 

Pou$uii, 

Inch. 
0. 
.0012 

.0182 
.0172 

Jwih. 
0. 

Jwik. 

0. 

0. 

0. 

0. 

—.01 
—.01 

0. 

—.01 
—.01 
—.01 
—.01 
—.01 

0. 
—.01 

-wOl 

—.01 
—.01 
—.02 

0. 
—.02 
-.02 
—.02 
-.02 
-.02 

0. 
—.02 
—.03 
—.03 
—.03 
—.03 

JfMA. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

S: 

0. 
0. 
0. 

a 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Initlalload. 

-^0001 

.0214 
.0264 
.0208 
.0880 
.0870 

*%0002 

.0422 
.0464 
.0508 
.0550 
.0599 

—.0001 

.0633 
.0678 
.0722 
.0768 
.0812 

."ooos"' 

• 

.0859 
.0908 
.0056 
.1012 
.1060 



32    TESTS  OF  IRON  AND  STEEL  AND  OTHER  MATEiBX^T^s. 


AppUed  loads. 

In  gaaged  length. 

DeflectioDB  at  middle. 

Remarks. 

Total. 

Per  sanare 
incn. 

Compre«.  |       g^ 

1 
Horiaontal.  Vertical. 

Pounds. 
10,000 
610,  000 
520,000 
530.000 
540.000 
550,000 
560.000 
570,000 
580,000 
500,000 
594,500 

Pounds. 

Inch.            Inch. 
0047 

Inch.      ,    Inch. 

0.        j       0. 

— .03    "        0. 

— .  03            0- 

Ultimate  strangth. 



.1098    ' 

.11.33      

.ntw    j 

.03 

—.04 
—.04 
—.05 
—.05 

0. 
0. 
0. 
0. 
n. 

.IIJW    ! 

.1233      

.1278     

.1834     

.1410    1 

—.05    ;        0. 
—.06            0. 

.1506     

84,950 

Failed  by  buckling  between  the  riveting  plate  O  at  a  distance  of  4 
feet  from  the  south  end,  and  plate  D  2  feet  from  the  south  end  of  the 
column. 

No.  380.— Set  E. 


(Tested  with  flat  ends.) 

Total  length,  13'  11''.80. 

Gauged  length  (along  center  line  channel  A),  IW, 

Total  weight  (includes  eye-plates),  990  pounds. 

Sectional  arm. 


Channel  A,  14'  4'';  weight,  245  pounds;  web,  ''.37. 
Channel  B,  14'  2";  weight,  241  poands;  web,  ".37. 

Plate  C,  14';  weight,  177  pounois 

Plate  D,  14';  weight,  176  pounds 


Sqnwe  inohes. 

5.13 

5.10 

3.80 

3.77 


Total 17.80 


TESTS  OF  IBON  AND   STEEL  AND   OTHEB  MATEBIALS. 


33^ 


Applied  loeds. 

IngMge 

Compree- 
tlon. 

d  length. 

_. 

Set. 

Inch. 

0. 

Deflection* 

at  middle. 
YerticAL 

Bemarkt. 

Total.  /^^faSr* 

HoriaontaL 

Inch. 

0. 

0. 

0. 

0. 

0. 
—.01 

0. 
—.01 
—.01 
—.01 
-.01 
-.01 

0. 
—.02 
—.02 
—.02 
^02 
—.02 

-% 

-^08 
—.08 
-.08 
—.04 
0. 

-.04 
—.04 
^04 
.     —.04 
—.05 
—.01 
-.05 
-^06 
—.06 
—  06 
-.06 
—.07 
—.07 
—.07 
-.08 
—.08 
—.04 
-.10 
—.12 
—.15 

Pounds, 

10,000 

1        20.000 

40,000 

60,000 

P&wds. 

Ineh. 

0. 

.0012 
.0052 
.0000 
.0130 
.0170 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

+.01 
+.01 
+.01 
+.01 
+.01 

0. 

+.01 
+.01 
+.01 
+.01 

t.l\ 

+.01 
+.01 

t:S 

+.01 
+.01 
+.01 
0. 

+.01 
+.01 
+.01 
+.01 
+.01 
+.01 
+.01 
+.01 

— wOl 

—.01 
—.01 
—.02 
—.06 
—  07 

Initial  load. 

80,000 

100,000 

10,000 
120.000 

-.0008 

.0210 
.0250 
.0292 
.0830 
.0372 

140,000 



100,000 
180,000 
200,000 
10,000 
220,000 
240,000 
200,000 

So^ooo 

800,000 

10,000 

820,000 

360,000 
880,000 

10,000 
420,000 
440,000 
460,000 

.0000 

.0412 
.0458 
.0486 
.0536 
.0578 

.0001 

.0620 
.0662 
.0705 
.0747 

.0700 

"ooio" 



.0888 
.0883 
.0028 
.0060 
.1032 

480,000 

500,000 
,        10.000 

510,000 
'      530.000 

530,000 

550|000 
660  000 



.0048 

.1067 
.1100 
.1128 
.1160 
.1182 
.1228 
.1267 
.1810 
.1870 
.1430 

570,000 
680,000 

oooiooo 

10,000 
610,000 

1      680;000 
638.600 



.028i"" 

85,506 

! 

I 

1 

Failed  by  triple  flezare,  with  plate  O  on  the  convex  side  at  the  middle. 


No.  368.— Set  E 
A 


.§ 


Jf>i 


*" 


O    V^J  o 


f 


^ 


.« 

K 


\lf   \y — err 


^ 


r 


^ 


t 


8.  Ex.  36 3 


(Tested  with  3^"  pins.) 


34  TESTS   OP   IRON   AND   STEEL  AND   OTHER   MATEKl^XS. 


Length,  center  to  center  of  pins,  20' — (K'. 

Ganged  length  (along  center  line  of  channel  A),  200". 

Total  weight,  1,395  ponnds. 

Counter- weight  at  middle,  697  poands. 

Sectional  area. 

Square  inches. 

Channel  A,  21';  weight,  347  poands ;  web,  ".34 4.96 

Channel  B,  21' ;  weight,  347  pounds;  web,  ".33 4.96 

Side  plate  C,  20' 8";  weight,  266  poands 3.86 

Side  plate  D,  20' 8" ;  weight,  275  pounds 3.99 

17.77 


Applied  loads. 

In  gauKed  lengtb. 

Kemarks. 

Totsl. 

Per  square    Compres- 
iuoh.             sion. 

Set. 

HorizontaL 

YertioaL 

Pounds, 
10,000 
20,000 
40,000 
60,000 
80.000 
100,000 
10,000 
120,000 
140,000 
100,000 
180,000 
200.000 
10,000 
220,  000 
240,000 
200,000 
280,000 
800,000 
10,000 
820,000 
840,000 
300,000 
380,000 
400,000 
10,000 
410, 000 
420.000 
430.000 
440,000 

Pounds. 

Inch. 

0. 

.0030 
.0106 
.0186 
.0261 
.0344 

Inch, 
0. 

Inch, 

0, 

0. 

0. 

-.01 
-.01 
—.01" 

0. 

-.02 
-.02 
—.02 

=:^ 

0. 

-.01 
—.02 
—.02 
-.02 

—  02 
0. 

-.02 

—  02 
—.08 
—.03 
—.03 
—.01 

—  03 

—  03 

—  03 

—  03 

—  03 

—  01 

—  03 

—  03 

—  08 

—  03 
-.03 

—  01 

—  03 

—  03 

—  03 

—  03 
+.01 

.03 
.04 
.06 
.08 
.12 
.14 
.19 
.32 

Inch. 
0. 
0. 
0. 

—  01 

—  01 

—  01 

—  01 
-.01 

—  01 

—  01 

—  01 

—  02 

—  01 

—  02 

—  02 

—  02 

—  02 

—  02 

—  02 

—  08 

—  04 

—  04 

—  04 

—  04 

—  04 

—  04 

—  04 

—  04 

—  05 

—  05 

—  06 

—  07 

—  08 

—  08 

—  09 

—  09 
-.09 

—  10 
-.10 

—  12 

—  12 

—  12 

—  12 

—  13 

—  18 

—  13 

—  15 

—  16 

—  19 

—  21 

Initial  load. 

Micrometer  re- 
moTed. 

Ultimate  strength. 

.0004 

.0425 
.0507 
.0586 
.0667 
.0747 



.0008 

.0820 
.0011 
.0993 
.1076 
.1161 

.0011 

.1246 
.1880 
.1420 
.1508 
.1591 

.0034 

.1638 
.1684 
.1729 

.1775 
.1820 

450,000 

10  000 

.0056 

460,000 
470.000 
480.000 
400.000 
500,  OOC 
10,000 
510,  000 
520.000 
525,000 

.1872 
.1920 
.1070 
.2020 
.2071 

.0099 

;      530, 000 

535,000 

;      540, 000 

1      545,000 

!      550,000 

555.000 

560, 000 

565,000 
1      668,000 

1      570, 000 

32,077 

Failed  by  horizoiital  deflection,  perpendicular  to  the  plane  of  the 
pin8 ;  concave  on  the  side  of  plate  G. 

Pm  holes  in  channel-bar  webs  elongated  /'06  each. 

Pin  holes  in  eye-plates  elongated  /'03  each. 

The  test  was  discontinued  when  the  horizontal  deflection  had  reached 
^^55;  which  at  the  time  was  slowly  increasing. 
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No.  359.— Set  E. 


'fs 


'    vly    v^^O 


«i3 


^' 


^1   i_  ;  j7^ 


#; 


(Tested  with  3J"  pins.; 

Length,  center  to  center  of  pins,  2(y — (y. 

Ganged  length  (along  center  line  of  channel  A),  20(F\ 

Total  weight,  1,362  poands. 

Counter  weight  at  middle,  681  poands. 

Sectional  area. 

Square  Inches. 

Gbaooel  A,  21';  weight,  322  pounds;  web,  ".31 4.60 

CbannelB,  21';  weigbt,  345  pounds;  web,  ".33 4.93 

Side  plate  C,  20^  tr' ;  weigbt,  273  pounds 3.96 

Side  plate  D,  20'  8";  weigbt,  257  pounds 3.73 

17.22 


AppIlMloikda. 

In  gaoKod  length. 

Defleotiont  at  middle. 

Bemarks. 

ToUL       '"taX" 

Compree. 
•ion. 

Set. 

Jneh. 
0. 

Hotisontal. 

Vertical. 

Poundt. 
10,000 
20,000 
40,000 
00,000 
80.000 
100,000 
10.000 
120,000 
140,000 
100.000 
i      180,000 
300.000 
10,000 
220.000 
240,000 
280,000 
2«).0OO 
300.000 

Pounda. 

Jneh. 

0. 

.0038 
.0117 
.0192 
.0272 
.0854 

Inch. 

0. 

0. 
-^01 
—.02 
-^03 
—.03 

0. 
-.04 
—.06 
—.05 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
C. 
0. 
0. 

Initial  load. 

—.0001 

.0442 
.0521 
.0607 
.0681 
.0778 

-.  06              0- 

—.07 

0. 
—.08 
—.08 
—.09 
—.10 
—.11 
—.01 
—.11 

0. 

0. 
-.01 
-.01 

—  02 

—  02 

—  03 

—  02 

Ok 

0. 

.0853 
.0940 
.1028 
.1116 
.1204 

10,000 

.0005 

320,000 
340,000 
380,000 
380.000 

.1*202 
.1381 
.1474 
.1570 
.1660 

-.12          —.08 
—.13          -^04 
— ,  14          — .  (U 

400,000 

'"■'.ooii'" 

—  14 
—.02 
-.14 
-.15 

—  16 

—  04 

—  03 

—  06 

—  06 

—  07 

10,000 
410,000 
420,000 
430.000 

.1714 
.1761 
.1809 

36 


TESTS   OF   IBON   AND   STEEL   AND   OTHER   MATESI.AX,S. 


Applies 
Total 

1  loads 

In  gaaged  length. 

Defleoiions  at  middle. 

Remarks. 

Per  square 
inoh. 

Compres- 
sion. 

Set. 

HorixontaL 

Vertieal. 

Pounds, 
440,000 
450.000 
10,000 
480,000 
470,000 
480.000 
400,000 
500,000 

laooo 

510,000 
520,000 
528,000 
580,000 
585.000 
540,000 
546,000 
550,000 
555,000 
556,400 
586.000 

Pounds. 

Inch. 
.1857 
.1907 

Jneh, 

Inoh, 
—.17 
—.18 
— ,03 
—.18 
-.18 
—.19 
-.20 
— *2l 
—.06 
-.23 
—.26 

Inch, 
-.07 
-.08 
-.05 
-.09 
—.09 
->09 
—.10 
—.10 
—.06 
-.11 
^12 

Micrometer    re- 
moved. 

Snapping  sonnds. 
Ultimate  strength. 

.0051 

.1960 
.2011 
.2061 
.2118 
.2180 

.0094 

—.81 
-.88 
—.37 
—.42 
-^51 
—.65 
—.74 
—1.00 

-.18 
-.16 
^18 
^20 
—.21 
-.22 
-.24 

82.268 

..... ....... 

Failed  by  horizontal  deflection,  perpendioalar  to  the  plane  of  the 
pins ;  convex  on  the  side  of  plate  G. 
Pin  holes  in  channel  bar  webs  elongated  .07''. 
Pin  holes  in  eye-plates  elongated  .03". 
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No.  346.— Set  F. 
-^       IS  fas  x!^  -^ 


^ 


7ls 


I 

H 


_L 


r 


xOu' 


Ik 


(Tested  with  flat  eDds.) 

Total  length,  13'  ll'^9. 

Gauged  length  (along  center  line,  Plate  A),  100". 
Total  weight  (includes  eye-plates),  1,015  pounds. 
Counter- weight  at  middle,  507  pounds. 

Sectional  area. 


Upper  plate  A,  14' ;  weight,  184  pounds  . . . 
IJDder  plate  B,  14' ;  weight,  176  poands  . . . 

Side  plate  C,  14';  weight,  106  pounds 

Side  plate  D,  14';  weight,  101  pounds 

Four  angles,  each^l4';  weight,  42  poands 


Square  inchM. 

3.94 

3.77 

2.27 

2.16 

3.60 


15.74 


AppUedlosdo. 

In  gauged  length. 

Beflectione  at  middle. 

Bemarka. 

TotiJ. 

Peraqnftre 
indi. 

CoiDpreS' 
sion. 

Set. 

Horiaontal. 

Yertioa!. 

1    Potmdf. 
5,000 

Pownde. 

Inch. 

0. 

.0014 
.0038 
.0050 
.00A2 
.0102 

IlkCh. 

0. 

Iwih,       j      IlV6h. 

0.         i        0. 
0.                    0. 

Initial  load. 

10,000 

20,000 
80,000 

0. 
0. 
0. 
0. 

0. 
0. 
0. 

0. 

40,000 

50,000 

5^000 

-^666i 

0.   •             0. 

00,000 

.0123 
.0146 
.0108 
.0189 
.0211 

0.                 0. 

0.                 0. 

— .  01             0. 

—.01  :      0. 

— .  01     f         0- 

70,000 

00,000 
1        90,000 

100,000 

5*000 

—  0002 

—.01 
—.01 

0. 
0. 
0. 
0. 

130.000 
130.000 

iao,ooo 

140,000 
150,000 

:0282 

.0235 
.0276 
.0300 
.0321 

.... 

.'0344  " 

.0366 
.0388 
.0410 
.0484 

—.01            0. 
— .  01            0. 
0.                 0. 
—.01            0. 
—.01             0. 
—.01    ;        0. 

—01  !      0. 

— .  01     1          0- 

5.000 
100,000 

-.0002 

170,000 
180,000 
180,000 
200,000 

5,000 

—.0002 

0. 
—.01 

—  02 

—  02 
—.02 
—.02 

0. 
0. 
0. 
0. 
0. 
n 

210, 000 

.04.-57 
.0478 
.0501 
.0526 
.0548 

220.000 

230.000 

1      240.000 

250.000 

5^000 

260.000 

+.0002 

0.                0. 
—.02            0. 

.0571 

J 
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Applied  loads. 

In  ganged  length.      I  Deflectiong  at  middle. 

Remarks. 

TotaL 

Per  sqaare 
inch. 

Compres- 
Bion. 

Set 

HorizontaL 

Vertical. 

Pounds. 
270.000 
280.000 
290.000 
800, 000 

JS.000 
310.000 
320.000 
330.000 
840.000 
850,000 

5.000 
860,000 
870.000 
380,000 
300,000 
400,000 

5,000 
410, 000 
420.000 
430, 000 
440.000 
450,000 

6,000 
460,000 
470.000 
480,000 
400.000 
500,000 

5,000 
510,000 
517,000 

Pounds. 

Inch. 
.0!m 
.0018 
.0643 
.0668 

Inofu 

Inch. 
—.02 
—.02 
—.02 
—.02 
0. 

—.02 
— w02 
02 

Ineh. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

S: 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.^ 

0. 

0. 

!!: 

Snapping  sonnds. 
Ultimate  strength. 

, 

.0010* 

.0691 
.0717 
.0740 
.0766 
.0791 

* 

-..3 

—.03 
03 

.0021 

.0818 
.0843 
.0870 
.0890 
.0924 

—.03 
-.03 
—  •03 

0. 
—.03 
—.03 
—.03 
—.03 
—.03 

0. 
—.08 
-.03 
—.03 
.  0:j 

.0040 

.0953 
.0981 
.1013 
.1041 
.1071 

.0073 

.1108 
.1139 
.1180 
.1220 
.1262 

-.03 

0. 

-.03 

.0158 

,1313 

82,846 

i 

......... 

Failed  by  backling-plates  at  a  distance  of  SC  to  36'^  from  one 
end,  close  by  the  eye-plates. 

The  apper  and  lower  plates  bent  outward,  the  side  plates  inward. 

The  sustaining  power  fell  off  rapidly  after  buckling  of  the  plates  took 
place. 

No.  347.— Set  F. 
.A 


*?> 

12.0B  X'  .32 

/^ 

X.Si 

J 

r 

x2>x 

k 

is.oex.ai 


(Tested  with  flat  ends.) 

Total  length,  13'  11  ".65. 

Ganged  length  (along  center  line,  Plate  A),  100'^ 
Total  weight  (includes  eye-plates),  1,015  pounds. 
Counter- weight  at  middle,  507  pounds. 
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Sectional  area. 


Upper  plate  A,  14';  weight,  178  ponnds  .. 
Upper  plate  B,  14';  weight,  190  poands  .. 
Side  plaie  C,  14';  weight,  102  pounds^... 

Side  plate  D,  14';  weight,  102  pounds 

Four  angles,  each  14' ;  weight,  42  pounds 

Total 


Sqnare  inches. 

3.81 

4.07 

2.18 

2.18 

3.60 


15.84 


Applied  loads. 


TotsL 


Pminds. 

5.000 

10.000 

20.000 

80.000 

40,000 

50.000 

5,000 

60.000 

70,000 

80.000 

90,000 

100.000 

5,000 

110.000 

120,000 

180.000 

140,000 

150,000 

5,000 

160,000 

ro.ooo 

180,000 
190,000 
200.000 

5.000 
210.000 
220.000 
280,000 
240.000 
250.000 

5.000 
260,000 
270.000 
280,000 
290.000 
300.000 

5.000 
810,000 
320.000 
330.000 
840.000 
850,000 

5.000 
860,000 
370.000 
880,000 
890,000 
400,000 

6^000 
410,000 
420.000 
480,000 
440,000 
450.000 

5,000 
460.000 
470,000 
480,000 
400,000 
500.000 

5,000 
510.000 
520,000 
58a  000 
540,000 
650.000 

^000 
U^200 


Per  square  \ 
inon. 


In  ganged  lengUi.      Deflections  at  middle. ' 

I 

VertloaLI 


^**ii^n"*"  '■       *»*•         Horlsontal. 


Kemarks. 


I 


Pound*. 

In4h. 

0. 

.0004 
.0024 
.0044 
.0064 
.0064 

Inch, 
0. 





^.0001 

.010& 
.0123 
.0145 
.0167 
.0189 



—.0001 



.0210 
.0231 
.0253 
.0277 
.0299 





— oooi  ' 



.0321 
.0343 
.0366 
.0388 
.0409 

—.0001 

.0433 
.0455 
.0476 
.0500 
.0522 



-.0002 

.0546 
.0569 
.0592 
.0614 
.0638 

'  ■  .066i" 
.0684 
.0709 
.0732 
.0757 



H^.6002 

.ooio" 

.0780 
.0805 
.0830 
.0855 
.0882 

.0020 

.0913* 
.0037 
.0962 
.0990 

.1022    '. 

.ioio  *!. 

.1080  ,. 

.1117  i. 

.1148  1. 

.1133  I 


.0050 


.1220 
.1264 
.1309 
.  1352 
.1405 


.0094 


85,060 


.1408 


.0194 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
—.01 
—.01 
—.01 

0. 
—.01 
—.02 
—.02 
—.02 
—.02 

0. 
^02 
-.02 
—.02 
—.02 
—.02 

0. 
-.02 
—.02 
—.02 
—.02 
—.02 

0. 
—.02 
—.02 
—.03 
—.02 
—.02 

0. 

-.02 
—.02 
—.03 
—.03 
—.03 

0. 
—.03 


—.03 
0. 

—.03 
^03 
^03 
—.03 
—.03 
—.01 
-.03 


Inch. 
<      a 
0. 

!      0. 

0. 

t:    I 

0. 
0. 
0. 

0. 

a 

0. 

.01    , 
.01 
.01 
.01 

0. 

I  .01 

.01 

.02 

I  .03 

.02 

0. 

.03 
.02 
.02 
.02 
.02 

0. 

.02 
.02 
.02 
.02 
.02 

0. 
.02 
.02 
.02 
.02 
.02 

0.  I 
.02 
.02 
.02 
.02 
.02 

0. 
.02 
.02 
.02 
.02 
.02 

0. 

.02 
.02 
.02 
.02 
.02 

0. 

.02 
.02 
.02 
.02 
.02 
.01 

0. 


Initial  load. 


Snapping  sonnds. 


Snapping    sounds 
repeated. 


Ultimate  strength. 
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Failed  by  buckling  the  upper  plate  2(y'  from  the  middle  of  the  length 
of  the  po8t  and  buckling  the  under  plate  3(V'  from  the  end  of  the  post. 
The  strength  of  the  post  fell  off  rapidly  after  buckling  began. 

No.  342.— Set  F. 


estbi 


•^ 


esJbB,- 


saibA 


^^7" 


*-  18,05  X. 31 

B 

(Tested  with  flat  ends.) 


Total  length,  20'  1\" 

Gauged  length  (along  center  line,  Plate  A),  180'^ 
Total  weight  (includes  eye-plates),  1,378  pounds. 
Counter-weight  at  middle,  689  pounds. 


Seolional  area. 


Upper  plate  A,  20'  8" ;  weiglit,  262  pounds . 
Under  plate  B,  20'  8" ;  weight,  257  poundH  . 
Side  plate  C,  20'  8"  ;  weight,  154  ponndg. .. 
Side  plate  D,  20'  8" ;  weight,  152  pounds. .- 
Four  angles,  20'  8" ;  weight,  256  pounds  . ., 


Square  Inches. 

3.80 

3.73 

2.23 

2.21 

3.71 


Total. 


15.68 


Applied  loads. 

In  ganged  length. 

Deflections  at  middle. 

TOUI.       '•"toX'* 

Compres-          «.* 
siou.       1        ^'• 

HorizonUl 

YerUcal. 

Inch. 
0. 
0. 
0. 

0 

Bemarks. 

Pound9, 
5,000 

Pounds. 

Inch. 

0. 
.0020 
.0066 
.0106 

Inch. 
0. 

Inch. 
0. 
0. 
0. 
0. 

Initialload. 

10  000 

20,000 
30, 000 
40,000 
50,000 
5.000 
60,000 
70,000 
80,000 
90  000 





.0146 
.0186 

0.                 0. 
0.                 0. 
0.         i        0. 
0.                 0. 
0.                 0. 
0.                0. 
0.                0. 
0.                 0. 
0.                 0. 
0.                 0. 
0.                 0. 
0.                0. 
0.                 0. 
0.                 0. 
0.                 0. 
0.                0. 
0.         1        0. 
0.         1        0- 

.0004 

.0222 
.0262 
.0800 
.1830 
.0381 







i      100.000 

5,000 

110, 000 

I       120,000 

.0004 

.0422 
.0462 
.0503 

'      130,000 



•*      140, 000 

.0543 
.0583 

t!      150, 000 

.0004 

!       ^ooo 

<       160, 000 

.0624 
.0664 
.0706 

3      170, 000 

1      180,000 
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AppUed 


Totol. 


I  Per 


irsqiiare 
Incn. 


Poundt. 
190,000 
200,000 

S.000 
210,000 
220,000 
230,000 
240.000 
280,000 

6,000 
200,000 
270,000 
2M,000 
200,  OdO 
800,000 

6,000 
310.000 
820,000 
830.000 
840.000 
850.000 

6.000 
860,000 
870.000 
880,000 
800,000 
400,000 

5,000 
410.000 
420,<MM> 
430.000 
440,000 
460,000 

6.000 
460.000 
470,000 
4M.0OO 
480.000 
500,000 

6,000 
510.000 
517,500 
420.000 
300,000 
882.000 

6.000 


PottMlt. 


In  gauged  length.      I  Deflectione  at  middle. 


Conpive- 


I 


88,008 


Inek. 
.0746 
.0788 

■*'.0830' 
.0870 
.0011 


Set.        HorixonUl.  YertieeL 


Ineh. 


.1088  j. 

.1079  i. 

.1128  1. 

.1167  . 

.1208  |. 

"■.'1255';. 

.1800  . 

.1846  . 

.1801  . 

.1489  I. 

"".1490"' 
.1586 
.1588 
.1680 
.1885 

"".1788'  I. 

.1702  ,. 

.1842  |. 

.1906  ,. 

.1964  I. 

""'.'2030"  . 

.2109  I. 

.2177  . 

.2267  I. 

.2340  |. 

■| 


.0013 


.0026 


.0047 


.0068 


.0161 


.2454 
.2689 


Inch. 

Inch. 

0. 

0. 

0. 

0. 

a 

0. 

0. 

0. 

a 

0. 

a 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

a 

0. 

0. 

0. 

Ol 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

a 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

—.02 

0. 

—  02 

0. 

—  02 

0. 

—  02 

0. 

—  02 

-^01 

—  01 

—.03 

—  03 

+.04 

—  06 

—.06 

.46 

—.08 

.80 

—  10  1 

1.00 

—  08  ' 

1.01 

Bemarks. 


Snapping  sonnde. 

Ultimate  etrengtli. 
Test  discontinaed. 


Failed  by  deflecting  upward,  Plate  A  being  on  the  convex  side.  The 
point  of  maximum  upward  deflection,  occurred  2^^  from  the  middle  of 
the  post. 

Loads  were  continued  till  the  upper  and  lower  plates  were  buckled 
at  the  concave  places.    The  angles  and  side  plates  were  also  distorted. 

The  sustaining  power  of  the  post  fell  off  rapidly  when  the  maximum 
load  WHH  passed,  unaccompanied,  however,  with  the  sudden  lateral 
springing  observed  in  longer  posts,  or  long  posts  with  pin  ends. 


42 


TESTS   OF   IRON   AND   STEEL   AND   OTHER   MATERIALS. 


No.  344.— Set  F. 


X'9S 

J 


ZIS 


r 

x.'ba 


TZ7- 


laJio  X  .33 


(Tested  with  flat  eods.) 

Total  length,  20'  7''.80. 

Gauged  length  (along  center  line  plate  A),  180''. 
Total  weight  (includes  eye- plates),  1,370  pounds. 
Counterweight  at  middle,  685  pounds. 

Sectional  area. 

Sqaore  inches. 

Upper  plate  A,  20' 8" ;  weight,  258  pounds 3.74 

Under  plate  B,  20' 8'';  weight,  257  pounds 3.73 

Side  plate  C, '^0' 8" ;  weight.  155  pounds 2.25 

Side  plate  D,  20' 8";  weight,  154  pounds 2.23 

Four  angles  20' 8" ;  weight,  249  pounds 3.61 

Total 15.56 


In  ganged  length. 

Deflections  at  middle. 

Remarks. 

Total. 

Per  square 
inch. 

Conprea- 
sion. 

Set. 

Horiaontal. 

Vertical. 

Pofmdf. 
5,000 
10.000 
20,000 
30.000 
40,000 
50,000 
5,000 
60,000 
70.000 
80,000 
90,000 
100.00(1 
5,000 
110,000 
120,000 
130,000 
140,000 
150,000 
5,000 
160.000 
170,000 
180,000 
190,000 
200,000 
5,000 
210.000 
220,000 

Potmdt. 

Inch. 

0. 

.0019 
.0059 
.0099 

In^ 

Ineh. 

0. 

0. 

0. 

-.01 
—.01 

--sOl 

0. 

—.02 
—.02 
—.03 
^03 
*— .03 

0. 
—.04 
—.04 
-s04 
-.04 
—.04 

0. 
—.04 
-s06 
—  05 
—.05 
-.06 

0. 
—.06 
—.06 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

2: 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Initial  load. 

.0189 

.0179 

■  0. 

.0219 
.0259 
.0299 
.0339 
.0379 

0. 

.0420 
.0463 
.0503 
.0644 
.0585 

0. 

.0623 
.0665 
.0706 
.0745 
.0788 

0. 

.0829 
.0871 
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Horizontal.  Vertical. 


PotmdM. 
.230,000 

Pounds. 

Ineh. 
.0011 
.0056 

Inch, 

240.000 
280,000 

5,000 
200,000 
270,000 
280,000 
290,000 
800,000 

5.000 
310,000 
320,000 
330.000 
840,000 
850.000 

5.000 

.0998 

0.' 



.1040 
.1084 
.1127 

.1169 
.1211 

.ooii 

.i256 
.1200 
.1344 

.1890 
.1439 

.0080 

.1483 
.1S29 
.1576 
.1624 
.1678 

870,000 

880,000 

890,000 



400,000 

6,000 

.0050 

410,000 

.1721 
.1778 

420,000 



430.000 

.1829 
.1881 
.1936 

450*000 

e      AAA 

5, 000 

.0115 

460,000 

.2002 
.2064 
.2129 
.2202 
.2298 

470.000 

4SO.0OO 

490,000 

500,000 

5,000 

.0256 

510.000 

.2376 
.2480 
.2610 

520,000 

580,000 

535^000 

.2710 

536,000 

84,505              .2810 

530.000 



Ineh. 
—.06 
^.06 
—.06 

0. 

—.06 
—.06 
-.06 
-^06 
—.06 

0. 
—.07 
—.07 
-.07 
—.07 
—.08 
—.01 
—.08 
—.08 
—.08 
^08 
—.09 
-.02 
-^10 
^10 
—.10 
-^11 
^11 
—.06 
—.12 
-^12 
—.12 
—.18 
—.18 
—.05 
-^15 
—.16 
-^17 
—.20 
—.22 
—.25 


Ineh. 

0. 

0. 
—.01 

0. 

-.01 
—.01 

— wOl 

—.01 
—.01 
0. 
—.01 
—.01 
—.01 
—.01 
-^02 
-^01 
—.02 
-.02 
—.03 
-s08 
-^08 
—.02 
—.03 
^08 
^08 
—.08 
—.08 
—.08 
-.08 
—.03 
—.03 
—.04 
— w04 
-^08 
—.04 
—.04 
^05 
—.07 
—.08 
-^08 


Remarks. 


Slight  snapping 

sounds. 
Ultimate  strength. 


Post  failed  by  buckling  the  plates  at  a  place  6  feet  from  the  end. 
The  upper  and  lower  plates  took  sharp  buckles  outward  between  the 
riveting;  the  side  plates  buckled  inward. 
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TESTS   OF   IRON   AND   STEEL   AND   OTHER   MATERIALS. 

Ko.  348.— Set  G. 
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1 

I 


«-    0,96 


r 


k 


-^ZT- 


2E.OS  X.44. 


-\zr 


(Tested  with  flat  ends.) 

Totallength,  ly  llf". 

Ganged  length  (along  center  line  Plate  A),  100^^ 
Total  weight  (includes  eye-plates),  1,285  pounds. 
Counterweight  at  middle,  642  pounds. 

8ecX\onnl  area. 

Square  inches. 

Upper  plate  A,  14';  weight,  258  pounds 5.52 

Under  plate  B,  14';  weight,  258  pounds 5.52 

Side  plate  C,  14';  weight,  148  poands 3.17 

Side  plate  D,  14':  weight,  150  pounds 3.21 

Four  angles,  eaon  14';  weight,  42  pounds 3.  CO 

Total 21.02 


AppUed  loads. 

Id  gauged  length. 

Totol. 

Persoaare 

Compres- 
Bion. 

Set. 

Vertical. 

Bemarks. 

Poundt. 
10,000 
30,000 
40,000 
00,000 
80.000 
'      100,000 
10.000 

Poundi. 

Jneh.            JfMft. 

0.                                       A 

Inch, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

-.01 
-.01 
—.01 
-^01 

0. 

—.02 
—.02 
-.02 
—.02 
-.02 

0. 

—.02 
—.08 
^08 
-.03 
—.08 

0. 

—.08 
-^08 

Inch 
0.  '     1  Initialload. 

.0018 
.0048 
.0078 
.0103 
.0130 

0 

o! 

0 

0        1 

.0008 

o'      i 

1      120,000 

'      140, 000 

!      100,000 

180,000 

200.000 

.6i09  ' 

.0202 

.0232 

.0208 

.0802 

0          1 

0. 
0. 
0. 

0 

10,000 

.0005 

0. 

.01 
.01 
.01 
.01 
01 

Snannlno  aAn«i<1. 

1      220,000 
240,000 
200,000 
280,000 

loiooo 

320,000 
840,000 

.0836 

.0808 
.0403 
.0489 

.0477 

.0001 

0.      , — ''*' • 

.0611 
.0547 
.0582 
.0617 
.0052 

.01 
.02 
.02 
.02 
.02 
0 



800,000 

880*.  000 

400,000 

10,000 

.0007 

420,000 

.0689 
.0729 

.02 

02                                            < 

4401000 

1 

46 


TESTS   OF   IRON   AND   STEEL  AND   OTHEB   MATERIALS. 


AppUed  loads. 

Id  ganged  length. 

Bemarks. 

Tow.    ^'LX*" 

Comprea- 
sion. 

Set 

1 
Hontontal.  YerticaL 

1 

Pounds. 
460,000 
480,000 
500,000 
10,000 
520,000 
540,000 

Pound*. 

Jneh. 
.0766 
.0804 
.0843 

Ineh. 

Inch.           Inch. 
—.04             .02 
-.06    ,        0. 
—.07    :        0. 
—.07            0. 
—.07            0. 
—.07            0. 
-.08            0. 
—.09            0. 

XnUmate  strength. 

.0021 

.0886 
.0927 
.0960 
.1017 
.1060 

660,000 



680.000 

600,000 

—.07 
-.10 
-^11 
—.12 

0. 
0. 
0. 
0. 

0. 

10,000 

.0065 

620. 000 

:::::::::::: 

.1118 
.1168 
.1231 
.1301 
.1450 

640,000 

660.000 

680,000 

-.13    !         .01 
-.16    ;         .03 
—.10    1          .03 

700.000 

10,000 



.0287 

708.000 

88,662 

1 

Failure  began  by  buckling  the  upper  plate  between  the  riveting  30 
inches  from  the  end  of  the  post,  close  by  the  eye- plates.  This  gave  an 
upward  direction  to  the  middle  of  the  post,  and  was  followed  by  buck- 
ling of  the  upper  plate  at  a  corresponding  place  at  the  opposite  end. 
The  under  plate  also  buckled  15  inches  from  the  middle  of  its  length. 


zZi_ 


No.  349.— Sbt  G. 

A. 
XX.BO  r.^so 
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i 


♦-  e.95 


r. 

X.4L 
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X.4LS 


^^ :; — : — ;: cr 

^--  Jl.Oa  X  .43  —I 


(Tested  with  flat  ends.) 

Total  length,  13'  llf''. 

Gauged  length  (along  center  line  plate  A),  100". 
Total  weight  (includes  eye-plates),  1,316  pounds. 
Counterweight  at  middle,  657  pounds. 

Sectional  area. 

Square  inches. 

Upper  plate  A,  14' ;  weight,  270  pounds 5. 78 

Under  plate  B,  14' ;  weight,  270  pounds 5. 78 

Side  plate  C,  14' ;  weight,  147  pounds 3. 15 

Side  plate  D,  14';  weight,  147  pounds 3.15 

Four  angles,  each  14' ;  weight,  42  pounds 3. 60 

Total 21.46 


TESTS   OF  IBON  AND   STEEL   AND   OTHBR  MATERIALS. 
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Applied  liMdB. 

In  ganged  length. 

Deflections  at  middle. 

Bemarks. 

Total. 

PerMoare 
inck. 

Comprea- 
Bioo. 

Set. 

Horizontal 

■ 
Vei-ticaL 

Pounds, 
10.000 
20,000 
40,000 
60.000 
80,000 

100.000 
10,000 

Pounds. 

Inch, 

0. 

.0014 
.0044 
.0076 
.0105 
.0137 

Inch. 
0. 

Inch. 
a 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
—.01 
—.01 

0. 
—.01 
— v02 
-.02 
-.08 
—.08 

0. 

-.08 
-.08 
—.08 
—.08 
—.08 

0. 
-.03 
—.08 
—.03 
-^04 
-v04 

0. 
-^05 
—.05 
—.06 
—.06 
-.06 

0. 

-.07 
-.07 
-.07 
—.09 
— .14 
—.08 
—.25 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 

0. 
0. 

a 

0. 
0. 

a 

0. 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

.02 
.01 
.40 

Initial  load. 

0. 

120,000 
140,000 

.0168 
.0202 
.0282 
.0268 

160,000 

180,000 
200.000 

10.000 
220,000 
240,000 
200,000 
280^000 
300,000 

10,000 
820,000 
840,000 
800,000 
380,000 
400,000 

10,000 
420,000 
440,000 
460,000 

""o. 

.0330 
.0366 
.0401 
.0434 
.0469 

.0007 

.0503 
.0688 
.0571 
.0607 
.0648 

.0018 

.0678 
.0711 
.0748 

480,000 

.0784 
.0822 

.'ooii" 

1      500,000 

1        10. 000 

520.000 

.0868 
.0002 
.0948 
.0900 
.1049 

560,000 

580,000 

600.000 

10.000 

.0080 

620,000 

.1086 
.1142 
.1206 
.1286 

640,000 

660,000 

680,000 

70().  UOO 

.1410 

10.  000 



.0284 

709,600 

83.061 

Ultimate  strength. 





Failed  by  triple  flexure;  middle  deflection  taking  place  in  an  upward 
direction,  with  plate  A  on  the  convex  side. 

When  the  middle  deflection  reached  ^^50  vertical,  the  upper  and  lower 
plates  began  to  buckle  between  the  riveting  at  the  concave  places. 


48    TESTS  OF  IRON  AND  STEEL  AND  OTHER  MATERIALS. 

Ko.  341.— Set  G. 
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^        X.''44 


A 


-     e:84 


■^zr 


_iCX 


.!5 


^^ 


x:44 


L 


J£7  X:49 

B 


-xy 


(Tested  with  flat  euds.) 

Total  length,  2(K  7".6; 

Ganged  length  (along  center  line  plate  A),  18(y^ 
Total  weight  (inclades  eye-plates),  1,790  pounds. 
Counter- weight  at  middle,  895  pounds. 

Seetianal  area. 

Square  inches. 

Upper  plat«  A,  20'  8";  weight,  397ponnd8 5.76 

Under  plate  B,  20' 8" ;  weight,  401  pounds 5.82 

Side  plate  C,  20' 8" ;  weight,  209  pounds 3.03 

Side  plate  D,  20' 8" ;  weight,  206  pounds 2.99 

Four  angles,  each  20'  8";  weight,  62  pounds 3.60 

Total 21.20 


Applied  kMda. 


In  ganged  length. 


Total. 


Pereaaare!  Compree- 
I      inon. 


Poundt. 

10,000 

20,000 

40,000 

60.000 

80.000 

100.000 

10,000 

120.000 

140,000 

160.000 

180.000 

200,000 

10.000 

220.000 

240.000 

260.000 

280,000 

300.000 

10.000 

320.000 

840,000 

360.000 

880,060 

400,000 

10,000 


•ion. 


Pounds. 


Inch. 

0. 

.0022 
.0076 
.0182 
.0188 
.0248 


.0306 
.0366 
.0428 
.0488 


.0005 
.0666 
.0726 
.0780 
.0848 


Set. 


Defleotions  at  middle. 


Horisontal.  YerticaL 


Inch. 


Inch, 
0. 
0. 
0. 
-.01 


0. 
0. 
0. 
0. 


Bemarks. 


Initial  load. 


.0918 
.0974 
.1082 
.1097 
.1158 


.0009 


.0022 


-.01 

0. 

—.01 

0. 

0. 

0. 

-.01 

.02 

—.01 

.02 

—.01 

.02 

-..02 

.02 

-s02 

.02 

0. 

0. 

-.02 

.02 

—.02 

.02 

-.02 

.02 

—.02 

.02 

-s02 

.02 

0. 

0. 

-^02 

.02 

-s02 

.02 

—.02 

.02 

—.02 

.02 

—.08 

.08 

0. 

a 

TESTS   OF   IKON  AND   STEEL  AND   OTHER  MATERIALS. 
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j     JAppUedlcd.. 

In  gaaged 

leni^th. 
Set. 

Deflections 

HorisonUl. 

1 

Ineh. 
-.03 

—.03 
—.03 
-.03 
—.03 

0. 
—.03 
—.08 
-.03 
—.03 
—.03 
-.02 
—.03 
—.08 
1          —.08 
—.03 
1          +.02 

0, 
!             .08 
.12 
.14 
.17 
.10 

At  middle. 

Remarks. 

!      ToUl. 

Persqoaro 

Compree- 
sioo. 

Vertical. 

Inch. 
.03 
.03 
.03 
.03 
.03 
0. 

.08 
.03 
.03 
.03 
.03 
.02 
.03 
.03 
.03 
.03 
.07 
.04 
.19 
1.00 
1.50 
2.00 
1.68 

1    Pouitds. 
420.000 

Pound*. 

Inch. 
.1222     . 
.1286     . 
.  1851      . 
.1417 
.1488      . 

Inch, 

Ultimate  strength. 

'      440.000 

460,000 

1      480.000 





j      500,000 

*  "".'oosi' 

1        10.000 



520,  000 

.1555     . 
.1025 
.1702    .. 
.1778    ,. 
.1858    ! 

'      540.000 

560,000 

580.000 

600,000 

"'.oim' 

10,000 

620.000 

.1952    '. 
/2047    ,. 
.2154 
.2288      . 
.2462      . 
1 

640,000 
060.000 

680.000 

700.000 

10.000 

700,000 

'"".'oiio' 

'■'sMio' 

640.000 

620.000 

590.000 
10,000 

Deflected  apwardH,  plate  A  beiug  ou  the  convex  side.  The  Diaximnm 
deflection  occurred  16"  troin  the  middle  of  the  column.  Deflection  con- 
tinued till  the  under  plate  B  buckled  between  the  rivets. 

The  plate  was  buckled  ^^\  with  no  apparent  injury*  to  the  angle  iron 
to  which  it  was  riveted. 


No.  343.— Set  G. 
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(Tested  with  flat  ends.) 

Total  length,  20'  71". 

Ganged  length  (along  center  line,  plate  A),  180'\ 
Total  weight  (includes  ejeplates),  1,840  pounds. 
Counterweight  at  middle,  920  pounds. 
S.  Ex.  35 4 
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TESTS  OF  IRON  AND  STEEL  AND  OTHER  MATERIALS. 


Sectional  area. 

Square  inches. 

Upper  plate  A,  20'  8";  weight,  '.\97  pounds 5. 76 

Under  plate  B,  20' 8'';  weight,  405  pounds 5.88 

Side  plate  C,  20' h";  weight,  224  pounds 3.25 

Side  plate  D,  20' 8";  weighr,  207  jiounds 3.(K) 

Four  angles^  each  20'  8";  weight,  02  pounds 3. 60 

21.49 


Applied  loads. 


In  gauged  length.      '  Deflectiuns at  middle. 


To««l-      '  ^*in2h."* !  ^""K"'  i        ^^-         Horizontal.  Vertical. 


Foundi. 

10,  WM 

20,000 

40, 000 

60,000 

80.000 

100,  000 

10,  000 

120, 0011 

140,000 

160.000 

180,000 

200.  000 

10,000 

220.  000 

24H.0O0 

260,  000 

28u.  Olio 

300.  000 

10,  000 

320.  000 

340,  000 

360,000 

3»'0,  000 

400.  000 

10, 000  ' . 
420.000  '. 
440.  (HKl 
4H0.  uOO   . 
480,  U(M) 
500. 000 
10,000 
620,  000 
540. 000 
560.  000 
580. 000   . 
600,  OdU   . 

lO.OOU 
620.  COO  . 
64i»,  000  . 
060.  000  ' . 
670, 000  . 
68i'.«'00 
690. 000  ' 
700,0«'0  ' 

10.  000 
710.000      . 
!       720,  00  »     i . 

I      729, 450     '. 

I      728,  000     I . 
,       100,000     I. 


Pounds: 


33,943 


Inch. 

0. 
.  0022 
.  0070 
.0133 
.  0190 
.  0.'49 

'  .6306' 
.0364 
.  0422 
.0483 
.  0540 


.  0600 
.0660 
.  0720 
.  0780 
.0844 

.0007 
.0970 
.  1032 
.  11)04 
.1158 

.1217 
.  1280 
.1346 
.14'0 
.  1480 


.1547 
.1017 
.  16H9 
.  1762 
.1840 


.1923 
.  2015 
.2110 
.21.'>« 
.2214 
.  2274 
.  2339 


.  2422 
.2498 


lyieh. 
0. 


.0006 


.0000 


.0010 


.0029 


.  0060 


.0123 


.0313 


T 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
—.01 
—.01 

—  01 
—.01 
—.01 
—.02 
— ,02 
— .  02 
—.02 

—  02 
—.02 
-.02 
—.03 
—.03 
—.03 
—.03 
—.08 
—.IK 
-.20 
—.20 


Inch. 

0. 

0. 

0. 

—.02 
—.02 
—.02 

0. 
—.02 
—.02 
—.02 
— .Oi 
—.02 

0. 
—.02 
— .  02 
—.02 
— .  02 
—.02 

0. 

—  02 
—.02 
—.02 
—.02 
—.02 

0. 

—  02 
—.02 
—.02 
—.02 
—.02 
-.  02 
—.02 
—.02 
—.02 
— .  ti2 
—.02 
—.02 
—.02 
—.02 
— .  02 
— .  02 
—.02 
—.'2 
—.02 
—.03 
—.03 
—.03 


Kemarks. 


Initial  load. 


Sliebt,  snapping 
sound. 


Sunpping  sounds 
repeated. 


•.  03       ritiiimtp  fttivngth. 


—.04 
— .  10 
—.06 


After  the  niaximum  lojid  had  been  passed,  and  the  post  was  gradu- 
ally deflecting  under  728,000  ])ounds  pressure,  the  load  was  released  to 
108,000  pounds,  and  the  post  allowed  to  rest  15  hours. 

At  the  expiration  oftliis  time,  105,000  p<»unds  load  was  found  on  the 
post;  rhe  difference  of  3,000  jmunds,  representing:  the  falling  off  of  pres- 
sure due  to  the  leakage  of  the  hydraulic  packings,  and  the  change  in 
temperature  of  the  oil — which  cooled  during  the  night. 
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Applied  loads. 


In  gauged  length.        Deflections  at  middlSb 


T*>**^       ^^^^.^'^  ^""hToT"'  1        Set.        I  Horizontal.!  Vertical. 


Bemarks. 


I 


Poundt. 
728,000 
730. 600 
732,600 

708,000 

650,000 

594.  OOU 

10,  000 


l*oundM. 


Inch. 


Inch. 


34,090 


Inch. 
—.21 
-.22 
— .  22 

—.23 
—.22 
—.22 
—.23 


Inch, 

—  .08 

—  .08 

—  .10 

—  .33 

—  .63 
—1.00 
—1.15 


Maximam  load  af- 
ter 15  hours' test. 

Upperpliito  be^rins 
to  buckle  on  con- 
caye  side  of  post. 

Test  discoiftinued. 


Maximum  deflect ioD  occurred  15  inches  from  middle  of  post. 

Failed  by  deflecting  downward;  jdate  B  on  the  convex  side. 

The  effect  of  15  hours'  rest  on  the  ultiniHte  resistance  of  tlie  post  ajv- 
pears  to  have  been  4,G00  pounds — the  difference  between  728,000  and 
732,600  pounds. 


No.  339.— Set  K. 


(Tested  with  flat  ends.) 

Total  len^^th,  20'  7".94. 

Gauged  leiifttli  (ah)n;i:  centre  o(  contimions  plate),  200". 
Total  weight  (im-liules  eight  eye-plates),  1,115  pounds. 
Counter -wiMght  at  middle,  558  pounds. 

JScctioual  art  a. 


Channel  A,  '30'  b";  weijrht,  '259  pounds;   web,  ".*27  

Clianni-1  B,  2il'  r" :  \vriy,lit,  iiliU  i>oun(l8;   \\el>,  '/JS 

Coutiuiiuns  plate,  '20'  a"  ;  wci  ^ht,  :r»'2  jiouncU 


.Square  iDcbes*. 

3.76. 

3.77 

5.11 


Tuta^ 


12. 64 
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TESTS   OF   IRON   AND    STEEL   AND   OTHER   MATERIALS. 


Applied  loads. 


Total. 


Per  square 
incn. 


Powidt. 

5,000 

10,000 

20,  000 

30,000 

40, 000 

50,000 

5,000 

60,000 

70.000 

80,000 

90,000 

lUO,  000 

5.000 

110,000 

120.  000 

ISO,  000 

140.  0(K) 

150,  000 

5.000 

160.000 

170,000 

180.000 

190,000 

200.000 

5,0U0 

210,  000 

2.0,  0«)0 

230,  (iOO 

340.000 

250,000 

5,000 

260.000 

270,000 

280. 000 

290.000 

300, 000 

6,000 

310. 000 

320.000 

330,000 

840,000 

350, 000 

5.000 

300.000 

370,000 

880,000 

390.000 

400,  UOO 

5,000 

410, 000 

412.900 

400,  000 

890.  000 

378.  000 


Poundt. 


In  frauged  lenj^th.       Deflections  at  middle.  | 


Compres- 
sion. 


Inch. 

0. 
.0018 
.0068 
.0120 
.017J 
.  0.'1'3 


.0282 
.0333 
.0387 
.044:) 
.0^98 

.0554" 
.0607 
.0663 
.0719 
.0774 


.  0825 
.  0881 
.  09.'i8 
.  0»95 
.  10:)0 


.1106 
.116i 
.  1218 
.1274 
.1331 


.13-9 
.  1449 
.1607 
.1564 
.  1623 


.1688 
.  1749 
.1813 
.1878 
.1949 


.2028 
.2109 
.2184 
.  2274 
.2378 


Set. 


Horizontal.   Vertical. ' 


Inch. 
0. 


.0003 


.0003 


.0003 


.0011 


.0028 


.0072 


!!!!!!!;*!!  .2496 

.0220 

82, 666    

i 

Inch. 

0. 

0. 

0. 

—  01 
—.Ol 
—.0^ 

0. 

—.02 
—.02 
—.02 
—.02 
—.02 

0. 
—.02 
—.02 
—.02 
—.02 
—.02 
'  0. 
—.02 
—.02 
—.02 
—.02 
—.02 

0. 
—.02 
—.02 
— .  01' 
-.02 
—.02 

0. 
-.02 
—.02 
—.02 
—.02 
—.02 

0. 
—.02 
—.02 
—.02 
—.02 
—.02 

0. 

—.02 

-.02 

—.02 

+  .02 

.02 

.02 

.03 

.05 

.07 

.07 

.08 


Inch. 

0. 

0. 

0. 

0. 
.01 
.OJ 

0. 
.03 
.08 
.u3 
.03 


.03 
.03 
.04 
0. 
.04 
.04 
.04 

.o.-> 

.05 
0. 
.05 
.06 
.06 
.06 
.07 
0. 
.07 
.07 
.07 
.07 
.07 
0. 

.08 
.08 
.08 
.(i9 
.10 
.02 
.12 
.12 
.13 
.17 
.19 
.(•9 
.28 
.40 
1.00 
1.28 
1.50 


Remarks. 


Initial  load. 


Snapping  sounds. 


Ultimate  strength. 


Test  discontinued. 


Failed  by  deflecting  iipwurd  at  middle,  the  coutniiious  plate  Ueing  on 
the  couvex  side,  the  latticing  on  the  concaw. 


TESTS  OF  IRON  AND  STEEL  AND  OTHER  MATERIALS. 

No.  340. —  Set  K. 
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(Tested  with  flat  ends.) 

Total  length,  20'  7".94. 

Ganged  length  (along  center  of  continnons  plate),  200''. 
Total  weight  (includes  8  eye  plates),  1,130  pounds. 
Counter- weight  at  middle,  565  pounds. 

Sectional  area. 

Square  iDchoa. 

Channel  A,  20' 8'';  weight,  262  pounds ;  web,".28...: 3.8(^ 

Channel  B,  20' 8'' ;  weight,  252  pounds;  web,  ".27 3.66 

Continuous  plate,  20'  8" ;  weight,  364  pounds ^ 6. 2S 

Total 12.74 


1 
Applied  loads.               In  ganged  length. 

Deflectionaat  middle. 

Total. 

Persqnare    Compres- 
incn.             sion. 

Set. 

Horizontal.  1  Vertical. 

Remarka. 

!    Pavnda. 
5,000 

Pounds. 

Inch.      1       Inch. 

0.            1       n 

Inch. 
0. 

Inch. 

A 

Initial  load. 

10,000 

.0022 
.0072 
.0128 
.0182 
.0234 

'"*  .0289' 
.0.^43 
.  0306 
.0462 
.0503 

"' 

0.                 0. 

0.                 0. 

0.                 0. 
-.01             0. 
.011        0 

20,000 
30.000 
40,  000 
50,000 

.  . 

5,000 
60,000 

".'."".'.'.'.'.'. 

0. 

0.      '      0.      ! 

— .  01            0. 

70,000 

— .  01            0.         1 

80,000 

—  01    1        0          1 

90.000 
1      100,000 

—.02              .01 
—.02              .01 

A             1           A 

5,000 

0 

110,000 
.     120,000 
130.000 
140,000 
150,000 
5  000 

.0562 
.0617 
.0670 
.0726 
.0779 

..           ..           -:n9    !       "m    ! 

— .  02    1          .02 

— .  02              .  02 

_  A3                     Mt 

...."[.'.v..\    -.03  i     ;s 

0                 1              A            1          A 

ieo,ooo 



.0833 
.0887 

-.03              .03 
—.03              .03 

170,000 

im.ooo 

190.000 
200,000 

%m 

210.000 
220.000 
280.000 
240,000 
250,000 
5,000 
280,000 
270,000 
280,000 

.0543 

-.03              .03 
—.03    1          .03 
-.03    1          .OS 
0.                 0. 
— .08    ;          .08 
-.04    '          .08 
—.04              .03 
—.04    1          .08 
— .  04    !          -  Afi 

.0999 

.1054 

.0005 

.1110 
.1167 
.1220 
.1274 
.1330 

.ooio 

0. 

0. 
.04 
.04 
.04 

.1386 
.1447 
.1505 

-w04 
—.04 
—.04 

54         TESTS   OF   IROlii    A.^^    STEEL   AND   OTHER   MATEBl^tS. 


Applied  loads. 


In  gauged  leugth .        Defieotioos  at  middle. 


I  1  Remarks. 

Tot-1.        ^* ".T'^  ;  ^  mX^"'  Set-        '  Horizontal.  Vertical. 


Pounds. 
290. 000 
3U0.  000 

5.0'K) 
31M,  UOO 
320,  <»()0 
330,  OOU 
340,  000 
3r.O,  000 

5,  ('00 
300, 000 
37u.  000 
380  000 
300.000 
400. 000 

5.000 
410.010 
415,  (KM) 
420.  000 
430.000 
431,400 
4J0, 000 
400.  000 
.3)^6,  (HID 
374,  000 
358.000 

5.000 


Pounds. 


33,  862 


Inch. 
.  1561 
.1620 


.1683 
.  1739 
.  1806 
.1809 
.1937 

.2014' 

.2«08 
.2178 
.  2258 
.  23:.7 


.2404 


.  258  • 
.  2tW5 


Inch. 


.0027 


.0074    I 


.0210 


Inch. 
—.04 
—.05 
0. 

—.05 
—.05 
—.05 
— .  0  > 
—.06 
—.01 
—.06 
-.07 
—.07 
—.07 
—.08 
—.04 


—.13 
—.17 
—.23 
—.28 
—.28 
—.29 
— .  .30 
—.30 
—.30 


Inch. 
.04 
.04 
0. 

.04 
.04 
.04 
.04 
.05 
.01 
.06 
.07 

.o-* 

.08 
.09 
.04 
.10 

'"".is' 

.  18 
.30 
65 
1.00 
2.00 
2.50 
3.00 
2.70 


Snapping  sounds. 


IT] ti mate  strength. 


I 
Test  discontinned.    | 


Deflected  iipwaid  at  middle,  the  coiiliiuious  plate  beiii^  011  the  con- 
vex side. 

When  the  middle  ileflectioii  had  readied  3".()()  vertical,  the  flat  ends 
left  their  bearings  ".02  at  the  under  or  latticed  side  of  the  post.  The 
dau^es  of  the  channels  were  biii;kled  along  the  middle  of  the  post  on 
the  latticed  side. 

The  lattice- bars  were  not  buckled. 


No.  350.— Set  K. 


H 


Si 


i¥ 


^ 
•f^' 


"c=;t: 


=RC 


3= 


M 


-^  sroe 


^ 


-JTi 

'I 
II 


^^ 


^dr- 


«0| 


^ 


Tested  with  3J"  pins  in  center  of  gravity  of  channel-bars. 
Length,  center  to  center  of  ])ins,  20'  "OJ. 
Oauged  length  (along  center  line  channel  A),  200". 
Total  weight,  1,110  ])ouuds. 
Oounter-weight  at  middle,  555  pounds. 
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Sectional  area. 

ChanDel  A,  20'  8"  ;  weight,  251  pounds;  web,  ''.27. 
Channel  B,  20'  H" ;  weijrbt,  -261  pounds;  web,  ".30. 
Continuous  plate  C,  20'  8";  weight,  348  pounds  ... 


Sqaare  inohes. 

3.64 

3.79 

5.05 


Total . 


12. 4S 


Foundi. 
10,000 
20, 0<M) 
30,000 
40,000 
50,000 
10,000 
60.000 
70,000 
80.000 
90,000 
100.  000 
10,000 

no,  i)oo 

120,000 
130, 000 
140, 000 
150,000 

10,000 
100,000 
170,  000 
180.000 
190, 000 
200,000 

10,000 
202,700 
190,000 
180,000 
165,000 
140,000 

10,000 


In  gauf^ed  length.        Deflections  at  middle. 


Horizontal.;  Vertical. 


Remarks. 


.0364 

.0440 

.0520 

.0599 

.  0682 

.'.'.'.'.'. .0704' 

. 0849 

0939 

1     .1024 

1    .1117 

i    .1213 

1    .1310 

.1418 

.1538 

;    .1716 

— ;;„.„-i 

.0007 


.0014 


16,242 


.0140 


.07 

.11 

.14 

.02 

.18 

.22 

.28 

.32 

.37 

.02 

.43 

.47 

.53 

.59 

.67 

.02 

.73 

.82 

.90 

1.02 

1.20 

.15 

1.40 

1.00 

2.30 

8.00 

4.00 

2.80 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.01 
.01 
.03 


0. 

.06 
.07 
.08 
.09 
.00 
.00 


Initial  load. 


XJltlmate  strength. 


Oolamo  failed  by  horizontal  deflection;  concave  on  the  latticed  side* 


No.  351.— Set  K. 


% 


«<5| 


s"os. 


K 


1 1 

I  r 

I I 
1 1 
I  • 
|i 

II 


-H 


^ 


(Tested  with  3^"  pins  in  center  of  gravity  of  channel-bars.) 


66  TESTS   OF   IRON   AND   STEEL   AND   OTHER   MATERl^a 

.  Length,  center  to  center  of  pins,  20' — 0". 
Ganged  length  (along  channel  A  in  plane  of  3J''  pins),  200". 
Total  weight,  1,078  ponnds. 
Conn ter- weight  at  middle,  539  ponnds. 

Sectional  area. 

Square  inolxr 

CHiannel  A,  20' 8";  weight,  257  ponnds ;  web,  ".29 3.73 

Channels,  20' 8";  weight,  260  pounds ;  web  ".29 3.77 

Plate  C,  20' 8"  J  weight,  230  pounds 3.34 

Total 10.84 


Applied  loads. 

In  gauged  length.      JDeflections  at  middle. 

Remarks. 

TotaL 

Per  sauare 

iDCh. 

1                    ' 
^^^0^'  '        ^*-        '  Horizontal.!  Vertical 

Poundi. 
10.000 
20,000 
30,000 
40,000 

Poundt. 

Inch. 
0. 
.0063 

1 
Inch.            Inch. 
0.                     0. 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 

luitlalload. 

.02 
.05 
.08 
.12 
0. 

.0138 
.0208 
.0280 

60,000 

10,000 

—.0003 

60,000 

.0350 
.0425 
.0502 
.0590 
.0660 

16            6. 
.18            0. 
.23    ,        0. 
.26    ;        0. 
.  82    .        0. 

70,000 

80.000 

90,000 
100,  000 

10, 000 
110,  000 
120,  000 
130,000 
140,000 
150, 000 

10,000 
160,000 
170,000 
180. 000 
190,000 
200,  000 

10,000 
208,200 
200,000 
191. 000 
168,000 
152.000 

10,000 

-.0008 

.01 
.86 
.43 
.47 
.53 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



.0748 
.0826 

.0910 

.0098 
.1081 

.68 
.01 
.67 

.0001 

.ii78 
.1276 
.1376 
.1498 
.1681 

.  74    1        0- 

.82 
.03 
1.06 
.12 

0. 
0. 
0. 
0. 



.0081 

19,207 

.1882 

1.38    '      —.01 
1.  70          — .  03 
2.00    ,      —.04 
3.00          —.06 

Ultimate  strength. 

4. 00          — .  08 
2.58          —.08 

1 

Failed  by  horizontal  deflection,  perpendicular  to  the  plane  of  the  3^" 
pins. 

The  latticing  is  on  the  concave  side. 


TESTS   OF  IRON   AND   STEEL   AND   OTHER   MATERIALS. 
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I 


1, 


s. 


i¥^-P^^ 


4 


I' 


(Tested  with  Scinch  pins  in  center  of  gravity  of  cross-section  of  metal 
of  channel  bars  and  continuous  plate.) 

Length,  center  to  center,  of  pins,  20'  OJ". 

Ganged  length  (along  channel  A  in  plane  of  pins),  200'^ 

Total  weight,  1,120  pounds. 

Counter- weight  at  middle,  560  pounds. 

Sectional  area. 

Square  inches. 

Channel  A,  20' 8" ;  weight,  260  pounds ;  web,  ".30 3.77 

Channel  B,  20' 8" ;  weight,  2K0  pounds ;  web,  ".30 3.77 

Plate  C,  20'  8'';  weight,  3o2  pounds 5. 11 

Total 12.65 


Applied  loads. 

In  ganged  length. 

Deflections  at  middle. 

TotaL 

^^InX."*!  ^"^iX*'*  !       Set.         Horizontal.  Vertical. 

Remarks. 

Poundt. 
10,000 
20.000 
80,000 
40,000 
50,000 

PouruU. 

Inch.            Inch.      \     Inehet.     1     Inch. 
0.                   0.            in!       0. 

Initial  load 

.0050 

0.               0. 
0.                0. 

.0117 
.0173 

f 

0,                0. 

.01            0. 

0.                0. 

' 

.0229 

10,000 
60,000 

.0005 



.0287 
.0341 

.01 
.01 
.01 
.02 
.02 
0. 
.03 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

70,000 



80,000 
90,000 

.0398 
.0457 
.0513 

100,000 
10,000 

.0008 

110,000 
120,000 
130,000 
140,000 
150,000 

10.000 
100,000 
170,000 
180,000 
190,000 
200,000 

10.000 
210,000 

.OMO 
.0627 
.0684 
.0744 
.0804 

.03            0. 

.04 
.04 
.04 

0. 
.05 
.05 
.09 
.07 
.07 

0. 
.07 

0. 

0- 

0. 

0. 
—.02 
-.02 
— *02 
-.02 
-.02 

0. 
—.08 

.0018 

.0861 
.0920 
.0979 
.1038 
.1008 

.0026 

.1156 

m 


TESTS   OF   IRON   AND   STEEL  AND   OTHEB   MATERIALS. 


Applied 

loads. 

In  gange< 

CompreH- 
Hiuu. 

Inch. 
.  1217 
.1278 
.1338 
.  1400 

I  length. 

Deflect  iona 

at  middle. 

Remarks. 

1 

Snapping  s^oiindfi. 
Ultimate  strength. 

Deflected  rapidly. 

Total. 

Per  squaro 
inoli. 

Set. 

HorizoDtal. 

Inches. 
.07 
.08 
.10 
.11 

—.01 
.10 
.11 
.13 
.14 
.10 

— .  02 
.13 
.17 
.23 
.32 

Vertical. 

Inch. 
—.03 
—.03 
—.03 
—.04 

—.04 
—.05 
-.05 
—.06 
-.01 
—.06 
—.07 
—.08 
—.10 

PoundM. 
220.000 

Pounds. 

Inch. 

230  000 



240,000 

25(1,  OIK) 

10  000 

.0042 

260,000 
27J».  000 

.1404 
.  152H     > 
.l.'iOO 
.1656 
.1720 

280, 000 

290.000 

300,000 

10,000 

.0077 

S10,000 

.1787 
.1868     1 
.1970     1 
.2071     1 

320, 000 
H30,  000 

340,000 

345,000 

350.000 

21,  WS 

.2252 

.55 
.80 
1.00 
2.00 
2.50 
H.00 
2.50 

—.13 
—.13 
—.18 

336,000 

328,  000 

310,000 
235, 000 

215,000 

10,900 

Failed  by  horizontal  deflection;  concave  on  the  latticed  side  of  the 
column. 
Pin-holes  elongated  ''.03  each. 

No.  353.— Set  K. 


cP^^^i) 


^ 
^ 


1^ 


(Tested  with  3iinch  pins,  in  center  of  gravity  of  cross-section  ot  metal 
of  channel  bars  and  continuous  plate.) 

Length,  center  to  center,  of  ])in8,  20'  0^". 

Gauged  length  (along  center  line  of  channel  A),  200". 

Total  weight,  1,125  pounds. 

Counter- weight  at  middle,  5(52  pounds. 


TESTS   OP   IRON   AND   STEEL   AND   OTHER   MATERIALS 
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Sectional  area. 

Square  inches. 

Channel  A,  20'  S"  ;  weij^ht,  26ft  pounds ;  web.  ".31 3.  85 

Channel  B,  W  H" ;  weight,  262  poaud8 ;  web,  ".:W 3. 80 

Plate  C,  20' 8'';  weight,  352  ponuda 5.11 

Total 12.76 


Applied  loads. 
>      Total 


Per  snuaro     Compres- 
inco. 


In  irauKed  length.        Deflections  at  middle. 
Set.        !  Horizontal.  Vertical. 


sion. 


Pounds. 

lO.UUO 

2(1,000 

30, 000 

40,000 

50.000 

10.000 

60,000 

70,000 

80,000 

90.000 

100.000. 

10.000 

110,000 

12A.  000 

130.000 

140,000 

150.000 

10.000 

180.000 

170.000 

ltiO.000 

190,000 

200,000 

10.000 

210,000 

220,000 

230.000 

240.  OVO 

250,000 

10.000 

200,000 

270,000 

280.000 

290,000 

300.000 

10.000 

310.0(0 

820.000 

330.000 

840,000 

345,  (KW 

350,000 

10.000 

350,000 

380,000 

370,000 

3S0.00O 

390,000 

890.400 

882,000 

300,000 


Pounds. 


Jneh. 

0. 

.0050 
.0104 
.0160 
.0210 


Inck. 
0. 


.0264 
.0320 
.0373 
.042M 
.0485 


.0539 
.0504 
.0649 
.0704 
.0758 


.0810 
.0864 
.0923 
.0980 
.1035 


.1091 
.1150 
.1206 
.1264 
.1324 


.1382 
.1430 
.1492 
.1549 
.1605 

.1663* 
.1732 
.1802 
.1884 


-%0001 


.0009 


.0011 


.1966 


80,596 


.1975 
.2042 
.2122 
.2202 
.2335 


Ineheg. 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

n 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.01 
.02 
0. 

.02 
.02 
.03 
.04 
.04 
.02 
.03 
.03 
.05 
.06 


.0084 


.07 

-.02 

-  .07 

0. 

.03 

—.02 

.04 

—.03 

—  .10 

—.03 

—  .20 

-.04 

—  .60 

—.08 

—  .70 

—.08 

—1.00 

—8.00 

Remarks. 


Initialload. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
—.01 


Snapping  soands. 


Ultimate  strength. 


Failed  by  horizontal  detlectiOD,  perpendicular  to  the  plane  of  the 
pins.    Convex  on  the  latticed  side. 

Pin-holes  elongated  ".08  each. 

The  channels  and  plate  took  a  sharp  bend  about  16  inches  from  cen- 
ters of  pin-holes. 


HO 

"3 


1 

^ 

1 
1 
1 

1 
1 

r 
I 

1 

y^^^ 

1 

1 
1 
1 
1 
1 
1 

1 
1 

yy- 

1 

1 
1 

r 

1 

y^ 

1 

1 
1 

n^ 

r^ 

O    !        JX 

1     ^  1 

Oil           ,^ 

Olh        J      1 

1- 
IP 

1 

i! 

11 

9 
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(Tested  with  flat  euds.) 

Total  length,  25'  7J". 

Gauged  leugth  (along  center  of  continuous  Plate  0),  260". 
Total  weight  (includes  8  eye  plates),  1,844  pounds. 
Counter- weight  at  middle,  922  pounds. 

Srctional  area. 

Square  inches. 

Channel  A,  2.V  8f';  weight,  500  pounds ;  web,  ".31 5.83 

Channel  B,  25' ti|";  weight,  5'25  pounds;  web,  ".32 6.12 

Continuous  plate,  ^"  fi";  weight,  43*2  pounds 5.04 

Total 16.99 


Applied  loads. 
T^iii       iPergquare     Coinpree- 


Id  ganged  length. 


Foundt. 


10, 

2u, 

»0, 

40, 

SO, 

10, 

60, 

70, 

8(1, 

90. 

100, 

10. 

110, 

120. 

l»u, 

14U. 

150. 

10. 

1(>0. 

170, 

180, 

100, 

200, 

10, 

210, 

220. 

230, 

240, 

250, 

10, 

20 


000 
000 
OUO 
000 

uoo 

OuO 

ooo 

000 
(KM) 
000 
000 
000 
OuO 
000 
(KM) 
OilO 
000 
000 

ow 

000 
000 
OIH) 
0  0 
000 
000 

000 

OuO 
000 
OOO 
000 
000 


Inch. 


.0048  1. 

0U98 
.0148 
.0197 

.0245  I 
.0293  ! 
.0346  I 
.0397  . 
.0449 


.0497 
.0548 
.0600 
.0650 
.0703 

.0752 
.  080j 
.0857 
.0909 
.0960 

.loii' 

.106* 
.1114 
.1168 
.  1220 

.1270 


Deflections  at  middle. 


"/ 


Set. 


Horizontal.  Vertical. 


Inch. 


—.0002 


—.0006 


—.0005 


—.0003 


Inch. 


Inehr 


Remarks. 


0. 

0. 

Initial  load. 

0. 

0. 

0. 

0-         1 

0. 

0. 

0. 

0. 

0. 

.OOi 

0. 

.00, 

0. 

.00, 

0. 

.ooi 

0. 

.00;   1 

0. 

.00  I 

0. 

0.         , 

.00^ 

.02    . 

.01 

.08    . 

.01 

.03 

.01 

.03 

.01 

.04 

0. 

0. 

.01 

.03  . 

.   .01 
/    .01 

.04 

.04 

.01 

.04 

.01 

.04     ' 

0. 

0.         1 

.02 

.04 

.02 

.04 

.02 

.04 

.02 

.01 

.02 

.05 

0. 

0. 

.05 
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In  ganged  length. 


Applied  loads. 


I      Total. 


Pminds. 
270, 000 
280,000 
290,000 

Persquaie 
incn. 


Pounds. 


300. 000 

10,000 

310. 000 

320, 000 

sm,  000 

340.  OUO 
350,  000 

10,000 
360,  000 
370,  000 
380.000 
390,  000 
400.  000 

10.000 
410,000 
420,  000 
43(1,  nOO 
440. 000 
450,  000 

10.000 
460.000 
470,  000 
480,  000 
490. 000 
500.000 

10.000 
510.  000 
620.  000 
530.  000 
540. 000 
550,  000 

10.000 
560.  000 
57ii.  000 
576.  700 
5H0,  000 
bfil,  400 
575,  000 
•Se.').  000 
540,  000 


ConiprcB-  «  ^^ 

Blon.       ' 


Jneh. 
.  1325 
.1376 
.1429 
.1483 


34.  279 


.1538 
1591 
.1645 
.1701 
.1756 


.1810 
.1879 
.  1929 
.1989 
.2045 


.2107 
.2173 
.2238 
.  2299 
.2370 


.  2433 
.2501 
.  2578 
.  2657 
.  2735 


.2822 
.2910 
.2999 
.3090 
.3238 


.  3409 
.36:i5 


Deflections  at  middle. 


Remarks. 


Horiiontal.  Vertical.  1 


Inch. 


—.0003 


.0019 


.0110 


.0209 


.0447 


Inch.       , 

Inch. 

.03    1 

.05 

.(.3    i 

.06 

.03    ' 

.06 

.03     ; 

.07 

0. 

0. 

.03 

.07 

.03 

.07 

.03     1 

.07 

.03 

.08 

.03     I 

.08 

0.        1 

0. 

.03     1 

.08 

.03     1 

.08 

.  o:{    1 

.09 

.03 

.09 

.03     1 

.09 

0- 

0. 

.03     1 

.10 

.03     1 

.10 

.03 

.10 

.03 

.10 

.04 

.10 

.02 

0. 

.04    : 

.10 

.04    , 

.1" 

.04    ■ 

.10 

.M    ! 

.10 

.04     1 

.10 

.04 

0. 

.05 

.11 

.05 

.11 

.06     1 

.12 

.07     , 

.12 

.08     1 

.12 

.07     1 

.10 

.10 

.12 

.13    : 

.12 

.IK 

.05 

.•j3 

—.06 

.29 

—.23 

.23 

—.33 

.28 

—.72 

.32 

-1.35 

Scale  starta  off  web  , 
of  Channel  A  in  iive  , 
places,  between  j 
middle  and  south 
end  of  column. 


Ultimate  strength. 
Test  discontinued. 


Failed  by  <leiiecting  downward  and  sideways.  The  maximum  detiec- 
tion  occurred  two  feet  from  tlie  middle  of  the  eolumu  towards  the  end 
where  the  scale  was  obseived  to  start  oft' first. 

The  continuous  i)late  and  Channel  A  were  on  the  concave  sides. 
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No.  .{38.— SET  N. 
C 


111 

-^--J, ,--^ 

(Tested  with  Hat  ends.) 

Total  lenjrth,  25'  7J". 

Gaupfed  lenjjth  (aloii^  center  of  continuous  Plate  C),  260". 
Total  weight  (includes  8  eye-plates),  1,831  poun  Is. 
'  Oouuter  weight  at  middle,  915  i-ounds. 


Seclionat  area. 


Cbauuel  A,  25'  8i";  weij^bt,  514  pounas;  web,  ".:\2. 
Cbannel  B,  2o'  &}''";  weijrbt,  5U7  poiiiuls;  web,  "M  . 
Continuous  plate,  '^5'  Si" ;  weij^bt,  470  pouiuJH     


Sqiinrt'  iiiches. 

6.00 

5.92 

6.48 


Toral 


17.40 


Applied  loada. 


lu  ^aug:ed  leugtb.        D.  flectiourt  at  middle. 


Total.      i^*'^„X''"'i   ^"^JT""  I        ^^*^^-  norizoutal.  Vortiral. 


Keinarks. 


Pourids. 
10.  Oi»u 
20,  000 
30.  000 
40,  000 
.^1.  000 
10.  000 
60,  000 
70, 000 
80.  OUO 
IK),  000 
100,000 
10,  000 

nil.  000 

l:;o,  000 
130,  Olio 
140,  OOO 
150, 000 

10,000 
Itt0,0u0 
170,  OHO 
180,  000 
lUO,  00<i 
20>J,  000 

10,  000 
210,000 
220,  01)0 
230,  000 
240,  000 
250.  000 

10,  «)00 
200,000 


I     PoundM. 


Inch. 

0. 

.  0043 
.  OOSKJ 

.ou:< 
.0103 


.  0233 
.0:i83 
.  033  t 
.  ii'SSi 
.  0433 


.0484 
.  0534 

.  0637 
.0«»2 

.0740 
.071)3 
.  0843 
.  0J<93 
.  0948 


.0095 
.  1047 
.  l09f< 
.1149 
.  1204 


Inch. 
0. 


-.0001 


-.0004     I 


— . 0006 


.1256 


—.0008 


Inch. 

0. 
0. 


—  .02 

—  .  02 

—  .  02 
0. 

0. 

0. 
0. 

0. 

0. 
0. 
0. 
0. 

—  .01 

—  .01 

—  .02 

—  .01 

—  .02 

—  .  02 

—  .  02 

—  .02 

—  .02 
0. 

—  .02 


Inch. 

0. 

0. 
.01 
.02 
.02 

0. 
.03 
.03 
.03 
.03 
.03 

0. 
.04 
.04 
.04 
.04 
.01 

0. 
.05 
.05 
.00 
.06 
.06 

0. 
.07 
.07 
.07 
.07 
.07 

0. 
.07 


Iiiiti:il  load. 
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\        Applied  loads.        ,     In  gauged  length. 
Total. 


Pounds. 
270.000 
280,000 
290, 000 
300, 000 

lO.UOO 
310,  000 
320, 000 
330,000 
340,000 
330.000 

10,000 
36U.  000 
370,000 
380.000 
300,000 
400,000 

10.000 
410,000 
420.  000 
430,  000 
440,000 
450, 000 

lO.OOt) 
460,000 
470. 000 
480,000 
490,000 
600,000 

10,000 
510. 000 
520,  000 
530,000 
540.  000 
550,000 

10,000 
560,000 
570. 000 
580, 000 
570.000 
540,000 


Per  square  |  Corapres- 
inon. 


I 


sion. 


Poundi. 


Inch 
.1310 
.1364 
.1416 
.1470 


.1526  . 

.1677  . 

.1632  . 
.1687 

.1741  |. 

.1798  t. 

.1853  I. 

. 1908  . 

.1966  . 

.2021  , 


.2144 
.2208 
.2275 
.2342 

.2409 
.2475 
.2547 
.  2622 
.2703 


Set. 


Inch. 


Deflections  at  middle.' 


Bemarks. 


Horizontal.  Vertioal. 


—.0003 


.0008 


.0028 


.0078 


.0170 


.2815  t. 
.2893  I  . 
.2993   .. 
. 3103   . . 
.  3203   . . 

1 

.0878 

.3330  |.. 
.3535  !  . 
.3898  <.. 

..    ... 

33,338 

1 

Inch. 

—  .02 

—  .02 


0. 
—  .02 


-  .03 


—  .03 


—  .03 

—  .01 

—  .03 

—  .03 

—  .03 

—  .03 

—  .03 

—  .02 


.1    — . 


—  .04 

—  .04 

—  .04 

—  .04 

—  .06 

—  .06 

—  .07 


-  .11 

-  .80 
-.50 
-1.58 


Inch. 
.07 
.08 
.08 
.08 

0. 

.08 
.08 
.08 
.09 
.09 

0. 

.10 
.10 
.10 
.10 
.10 

0. 
.11 
.11 
.12 
.12 
.13 
.02 
.13 
.13 
.13 
.14 
.14 
.04 
.14 
.15 
.16 
.16 
.16 
.08 
.19 

.  .20 
.23 
.30 
.48 


Snapping  sounds. 


Ultimate  .strength. 
Teiit  disoontinaed. 


Deflected  diagoually,  Ghauuel-bar  B  and  the  latticed  side  being  on 
the  coucave  sides. 


TESTS  OF  lEON  AND  STEEL  AND  OTHER  MATERIALS. 


65 


TABULATION  OF    EXPERIMENTS    ON    WROUGHT-IRON   COLUMNS    WITH 

FLAT  ENDS. 


877 
878 


879 
880 


846 
847 
842 
844 


848 
340 
841 
848 


Style  of  col  am  n. 


Total 
length. 


Section- 
al area.  I 


Ultimate 
strength. 


BetB. 


Sets. 

T 

- 

6* 

- 

-V 

« 

1 

V 

SetF. 


"^             T 

^               ^ 

4W 

i 

»-           7.'               _ 

Seta 


n 


S.  Ex.  35- 


X 


r 


L 


10    7.90 
10    7.90 


13  11.80 
13  11.  80 


ToUl. 


Sq.  in. 


18  11.   9  15. 74 

13  11.65  15.84 

20         7|  15. 68 

20    7.80  15.56 


Pounds. 


12. 08  I  383, 200 
11. 11     872, 900 


Poundt. 


81,722 
33,564 


17.01  ;  594,500 
17.80  I  638,600 


18  11}  21. 02 

18  11}  21. 46 

20  7.   6  I  21.20 

20  7|  21. 49 


Per  sq. 
inch. 


Manner  of  failare. 


34,950 
85,595 


517. 000  I  82,  846 
555,  200  35,  U50 
517,  500  S3, 003 
536, 900  34, 505 


708,000 
709. 500 
700,000 
729,450 


33, 061 
33,019 
83,943 


Buckling  plate  D  be- 
tween the  riveting. 
Backling  pistes. 


Buckling  plates       be, 

tveen  the  riveting. 
Triple  flexure. 


Buckling  plates. 

Do. 
Deflecting  upward. 
Backling  plates. 


Backing  plates. 
Triple  flexure. 
Deflecting  upward. 
Deflecting  downward. 
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Tabulation  of  experiments  on  tcrought-iron  columns  m(h  flat  ends — ^Continned. 


889 
840 


887 


888 


Style  of  column. 


SetK, 


00 


JjotUceA, 


Total     Section- 
length,   j  al  area* 


I        mtimate 
atrength. 


Total. 


8q.  in. '  Pounds. 


Pounds. 


20    7.94 
20    7.94 


25 


25 


71 


n 


12.64 
12.74 


16.99 


17.40 


412, 900 
431,400 


582,400 


580,000 


Per  aq. 
inch. 


Manner  of  faUare. 


!,666  '  Deflectlngapward;lat- 
ith 


83,862 


tiring  on  the  concave 
side. 
Do. 


34,279     Deflecting   downward 
I      and   aidewa.TS;    the 
,      oontlnuona  plate  and 
,      Cbaunel  A  were  on 
'      the  concave  aidea. 
33, 838     Deflecting  diagonally ; 
Channel  B  and  lattic- 
I      ing  being  on  the  con- 
cave aidea. 


TABULATION    OF   EXPERIMENTS    ON   WROUGHT-IRON    COLUMNS   WITH 

3i"  PIN  ENDS. 


1 

Length, 

center 

to  center 

of  pina. 

Sec 
tional 
area. 

Ultimate 
Btrength. 

Style  of  column. 

Total. 

Per 

aquare 
inch. 

Manner  of  fBdlore. 

'^ 

SetB. 

i  , 

'/^ 

/       II 

15    0.1 

15    0 
20    0 
20    0 

^.in. 

11.42 

11.42 
11.42 
11.81 

Pounds, 

879,200 

369,200 
342,000 
330.100 

PwAnds. 

38,205 

32,329 
29.947 
29,186 

868 

867 
856 

857 

-4 : 

Horixontal    deflection, 
perpendicular  to  the 
i>l>uooftbepin8. 
HoTlKoi.tal  deflection. 
Do. 
Do. 

i 
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Tabulation  of  experimenU  on  wroughUiron  eolnmm  with  ^"  pin  entU — Continued. 


171 


872 
870 


854 

855 


861 


858 

850 


Style  of  oolamn. 


SHC. 

I 


,%'  1 

n 

1  ' 
1 

r 

^'  I  .^ 

-^ 

1    «s 

-J 

1 Tr^ 

Setl?. 


—  s: 


a^ 


fc 


SHE. 


LeDgtb, 

center 

to  center 

of  pine. 


Sec- 
tioual 
area. 


Ultimikte 
strength. 


Total 


9  11. 9  , 


10 
15 


16 
20 
20 


18    H 

18    i 


20    0 


20    0 


8q.  in. 


9.14 


10.07 
9.21 


9.44 
9.24 
9.30 


PotiYufr 


Per 

•qaare 
Inch. 


Manner  of  failare. 


Anrndi.  | 


810, 200  I  81, 098 
291,500  ,  3J,650 


286,100  <  81,802    Backlioff  the  plates be> 
'    tween  the  riirete. 

Do. 
Horixontal     deflection 
and  hackling  between 
the  riveU. 
Do. 
Triple  flexare. 
Horizontal  deflection. 


290,000 
267,500 
279.700 


80,720 
28.050 
29,879 


15.34 

15.40 


475,000  ;  80,965 


485,000 


31,494 


17.77 


17.22 


570,000  I  82,077 


555, 400     82, 253 


Deflecting  upward,  in 
the  plane  ox  the  2^' 
pins. 

Horizontal  deflection, 
perpendicalar  to  the 
plane  of  the  8|"  pina. 


Horizontal    deflection, 
perpendicular  to  the 
plane  of  the  pins. 
Do. 


68    TESTS  OF  IRON  AND  STEEL  AND  OTHER  MATERIALS. 

Tabulation  of  experiments  on  wrought-iron  columns  tvith  3i"  pin  ends — Continued. 

Ultimate 
strength. 

Manner  of  failure. 
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2.— COMPEESSIOK  TESTS  OF  BRICK  PIEES.  TOOETHEE  WITH  TESTS 
OF  Snr OLE  BRICKS  AH D  MOETAES  USED  IK  THEIR  COH STRUC- 
TIOH. 

REMARKS  ON   TESTS  OF  THE  SINGLE  BRICKS. 

Three  kinds  of  bricks  were  employed  in  the  construction  of  the  piers. 

The  common  and  face  bricks,  both  hard  burnt,  were  from  the  yard  of 
M.  W.  Sands,  North  Cambridge,  Mass. 

The  bricks  from  the  Bay  State  Brick  Company,  Boston  and  Cam- 
bridge, Mass.,  were  medium  burnt. 

The  latter  kind  had  been  used  in  a  wall  and  the  arches  of  a  floor 
previous  to  being  built  into  piers ;  none,  however,  appeared  to  have 
been  injured. 

The  bricks  were  all  tested  between  flat  steel  compression  platforms, 
the  compressed  surfaces  having  been  ground  approximately  flat  with 
loose  emery  on  a  face-plate. 

To  improve  the  bearings  and  effect  a  better  distribution  of  the  load, 
thin  pieces  of  brass  packing  were  placed  between  the  corners  or  edges 
of  the  bricks  and  the  steel  platforms,  when  there  was  suflftcient  opening. 

The  average  crushing  strength  of  three  bricks  of  a  kind  was  used  as 
a  basis  in  comparing  the  efUcieucy  of  the  diflerent  piers. 

The  strength  of  single  bricks  tested  in  this  manner  is  largely  in  excess 
of  the  crushing  strength  of  any  pier. 

When  placed  between  rigid  platforms  with  good  bearings,  a  brick 
occupies  a  more  favorable  position  for  strength  than  between  other 
bricks  or  cushions  of  less  strength,  the  rigidity  of  the  platforms  con- 
tributing strength  by  preventing  spreading  in  a  direction  at  right  angles 
to  the  line  of  pressure,  due  to  the  friction  between  the  surfaces  in  contact. 

Failure  occurs  in  detail,  the  corners  and  along  the  edges  tirst  flaking 
off;  a  process  which  continues  till  the  maximum  load  is  reached,  when 
disintegration  becomes  general  and  the  sustaining  power  rapidly  falls. 

COMPRESSION  OF  SIXGLE  BRICKS, 


Face  Bkick& 


I 

. 

^ 

— 

t 

1 

1 

1 

y^^^^l^ 

1 
1 

1 

i 

1 

H 

FvmdM. 

MM 

T  ;^ 

a.T* 

2.,* 

au« 

%.'  ',¥i 

;;.«M 

Srw  p^kzsr  »>«  «id-r  »- 

44H 

r  7^ 

»7« 

K 

2»  U 

vr.u^ 

U  SIM 

PMrk«f«  CAd--'  4W  COTMT. 

«4., 

7  » 

»  *7 

i*; 

2ft.  46 

t*i  1M 

1ft  7M 

PjMtLcid  hmm^  t  «•  eisBB. 

Misau  imiMhiug  ulrtcuiah^  13/125  poondK  per  square  inch. 

3^0.4409. 

B#;|?afi  to  flake  near  one  end  auder  174,000  poonds. 
Failtil  fgrdiiwiWf  under  the  maximam  load. 

So.  4410. 

Anappin^  ikiund  at  104,000  f»oand«,  bat  no  cracka  in  sight. 
At  17 rp^iHHf  fK>ands,  flake^l  off  at  comer. 
At  'JS^H^iHH)  iHfUUiln^  one  end  flaked  ofL 

5o.  4411. 

At  1 10,000  fionuds,  flaked  off  at  middle  of  one  face. 
At  %MJitiH}  pounds,  continued  crushing  along  one  face. 


Common  Bbicks. 


i  i 

i| 

I      'A 


UimttiuiUmM. 


InehM.  Inehet. '  IneJut. 
4412  M,  12  3.M  2,(17 
44  f»  7,(M)  '  :;.M  2.16 
4414        M.  10.      8.62        2.12 


1 


/fo.in. 
in.  42 
28.12 
29. 82 


UltiJDAte  ttTengtlL 


H 


BemariU. 


PoundM. 
502,300 
628.500 
881,000 


PoundM.  ' 
19, 785 
22, 351 
12,995 


Packed  nnder  two  ooniers. 
Packed  noder  three  comera. 
Packed  under  two  comera. 


Mean  cruHhing  ntrength,  18,337  pounds  per  square  inch. 

No.  4412. 

(3rHcking  sounds  at  348,000  pounds  pressure,  but  no  cracks  in  sight. 
At  445,000  pounds  first  crai^ks  appear,  flaking  off  along  one  side. 
Fnustnred^Huddenly  after  passing  the  maximum  load. 

No.  4413. 

At  312,000  pounds,  cracked  at  corner. 

At  405,(H)0  ])()nn(lH,  flaked  off  along  edges.  Gradual  failure  after 
pasHlng  mnxinium  load,  reducing  [)res8ure  to  about  580,000  pounds, 
yf\\i\\\  Nudihui  cruHliing  occurred. 

No.  4414. 


At  05,000  pounds,  flaked  off  at  end  near  corner. 
^t  MpeclnuMis  above  load  of  150,000  pounds. 


Freguent  flaking 
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Bay  State  Bricks  (old). 


1 

•8 

i 

UltimAte  BtronKth. 

Kemarks. 

i 

1 

1 

Length. 

1 

I 

Pi 

5 

i 

Inehet. 

Jnekw. 

Jnehei. 

Sq.  in. 
28.20 

Pounda. 

Pound: 

4415 

7.90 

3.57 

2.00 

813,600 

U,  120 

One  corner  packed;  otherwise 

took  an  even  bearing. 

4416 

7.78 

a  70 

2.02 

28.79 

365, 900 

12,709 

Two  comers  packed. 

:      4417 

i 

7.70 

s.a> 

2.11 

26.95 

280,000 

10.390 

i           • 

Toak  even  bearings 'without 
packing. 

Mean  crushing  strength,  11,406  pounds  per  square  inch. 

No.  4415. 

Began  to  flake  off  at  end  under  145,000  pounds  pressure.  Opened 
cracks  and  flaked  off  at  edges  generally  after  passing  250,000  pounds. 

No.  4416. 

Began  to  flake  at  end  near  corner  under  215,000  pounds  pressure. 

No.  4417. 

Began  to  crack  s^long  one  edge  at  196,000  pounds. 

At  258,000  pounds  decided  yielding  occurred,  the  pressure  remaining 
stationary  about  one  minute.  The  brick  then  gave  a  higher  resistance, 
the  load  increasing  to  280,000  pounds,  its  maximum,  after  which  grad- 
ual failure  occurred. 

REMARKS  ON  TESTS  OF  THE  MORTAR. 

Three  cubes  of  each  kind  of  mortar  were  made  at  the  time  and  allowed 
to  season  with  the  piers,  and  at  the  age  of  14^  months  they  were  tested. 

The  age  of  the  plaster  of  pans  cube  was  4  months. 

The  cubes  were  tested  between  flat  steel  platforms,  after  the  manner 
of  the  tests  of  single  bricks.  Micrometer  measurements  from  face  to 
face  of  the  steel  platforms  showed  the  compression  of  the  cubes  under 
stress,  and  are  tabulated  in  detail. 

Diagrams  illustrating  the  compressibility  follow  the  tables,  selecting 
the  most  rigid  cube  of  each  kind  of  m<irtar  as  best  indicating  the  quality 
of  that  composition. 

The  marked  difference  in  crushing  strength  of  the  same  kinds  of  mor- 
tar is  accompanied  by  a  corresponding  difference  in  their  relative  com- 
pressibility, the  strongest  cement  being  also  the  stiffest. 

When  lime  mortar  is  added  to  cement,  in  the  proportions  here  em- 
ployed, its  effect  on  the  mortar  is  found  comparatively  more  serious 
with  the  Portland  cement  than  with  Rosendale  cement,  weakening  each 
to  such  an  extent  that  practically  there  is  little  difference  in  the  result- 
iDg  mortar,  either  as  regards  strength  or  compressibility,  whether  Port- 
land or  Bosendale  cement  is  used. 

Plaster  of  paris  has  been  found  a  convenient  and  useful  material  for 
facing  the  ends  of  brick,  stone,  and  mortar  specimens  for  the  purpose  of 
securing  even  bearings  when  tested,  its  crushing  strength  and  stiffness 
giving  it  a  high  rank  among  cements  and  mortars. 
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BEMABKS  ON  THE  TESTS  OF  BRICK  PIEBfif. 

This  series  embraces  the  test  of  thirty-three  piers,  built  of  two  kinds 
of  common  bricks  and  one  kind  of  face  brick,  which  were  laid  in  mor- 
tars of  different  composition.  The  cross-section  dimensions  range  from 
S"  X  8"  to  16"  X  16'',  and  the  heights  from  16  inches  to  10  feet. 

The  bricks  were  laid  on  bed,  and  joints  broken  every  course,  with  the 
-exception  of  two  12"  x  12"  piers,  one  of  which  had  joints  broken  every 
sixth  course,  and  one  had  the  bricks  laid  on  edge. 

They  were  built  in  the  month  of  May,  1882,  and  seasoned  in  a  cool, 
dry  building.    Their  ages  when  tested  ranged  from  14  to  24  months. 

During  seasoning  it  became  necessary  to  move  the  piers  to  another 
building,  at  which  time  some  of  them  were  broken.  The  fractured  sec- 
tions were  set  up  and  joints  remade  with  plaster  of  paris  or  lime  mortar 
immediately  before  testing. 

They  were  transported  to  the  testing  machine  without  injury,  in  a 
fixture  consisting  of  two  cast-iron  plates,  which  were  set  on  the  ends  of 
the  pier  in  plaster  of  paris.  Wrought-iron  tie-rods,  provided  with  turn- 
buckles,  connected  the  cast-iron  plates.  By  tightening  the  tie-rods  the 
inclosed  pier  is  placed  in  a  state  of  compression,  thus  increasing  its 
tran;sverse  strength  sufficient  to  enable  it  to  be  transported  and  adjusted 
in  the  horizontal  position  in  which  it  was  tested.  When  the  initial 
load  had  been  applied  the  tension  on  the  tie-rods  was  released. 

Compression  measurements  were  taken  within  the  gauged  length — a 
distance  laid  off  along  the  center  line  of  the  pier,  and  middle  part  of  its 
height.  Contact  of  the  pier  with  the  beam  of  the  micrometer  was  made 
through  blocks  carrying  conical  spur  points  clamped  to  the  bricks. 

When  the  gauged  length  and  height  of  the  pier  are  the  same,  the 
compression  measurements  were  taken  from  face  to  face  of  the  compres- 
sion platforms. 

Loads  were  gradually  applied  in  regular  increments,  measuring  the 
compression  as  the  loads  advanced,  and  returning  at  intervals  to  the 
initial  load  to  determine  the  permanent  set;  continuing  in  this  manner 
till  the  maximum  load  was  nearly  reached,  when  the  micrometer  was 
removed  for  safety,  and  the  pier  covered  with  canvas;  then  increasing 
the  pressure  till  the  ultimate  resistance  was  determined. 

One  pier  was  tested  with  repeated  loadings,  and  the  loads  allowed  to 
remain  acting  for  periods  of  tive  minutes  each,  measuring  the  compres- 
sion of  the  pier  when  the  loads  were  first  applied  and  at  the  expiration 
of  that  time.    The  sets  were  determined  in  the  same  manner. 

Cracks  made  their  appearance  at  the  surfaces  of  the  piers  and  were 
gradually  enlarged  before  the  maximum  loads  were  reached.  Final 
failure  occurred  by  the  partial  crushing  of  some  of  the  bricks,  and  by 
the  enlargement  of  these  cracks,  which  took  a  longitudinal  direction 
and  occurred  in  the  bricks  of  one  course  opposite  the  end  joints  of  the 
bricks  in  the  adjacent  courses.  This  manner  of  failure  was  common  to 
all  the  piers. 

In  examining  the  results  of  the  cement  and  mortar  tests,  superior 
strength  is  found  in  the  Portland  cement;  likewise  the  piers  laid  in 
Portland  cement  gave  the  highest  resistance,  while  piers  of  the  same 
kind  of  bricks  but  laid  in  weaker  mortar  showed  lower  results,  from 
which  it  appears  that  the  quality  of  the  mortar  employed  is  a  very  im- 
portant function  in  the  strength  of  brick-work. 

A  material  tested  between  cushions  weaker  than  itself  suffers  by  the 
disintegration  of  those  cushions. 
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The  mortar  acting  as  a  cushion  to  distribute  the  load  of  compression, 
the  nearer  the  physical  properties  of  the  mortar  approach  those  of  the 
bricks  the  more  strength  will  be  developed  in  the  pier. 

The  influence  of  the  mortar  on  the  behavior  of  the  piers  is  further 
shown  by  the  amount  of  their  compression  under  stress,  as  given  in  the 
details  of  the  tests  and  illustrated  by  diagrams  plotted  from  the  com- 
pression measurements  there  recorded. 

^  The  yielding  of  the  piers  is  confined  largely  to  mortar  in  the  joints. 
Therefore  in  their  behavior  they  resemble  the  cubes  which  represent  the 
kinds  of  mortar  employed. " 

The  early  compressions  recorded  during  some  of  the  tests  show  an 
apparent  rigidity  not  originally  possessed  l)y  the  pier,  but  which  resulted 
from  the  load  on  the  tie-rods  during  transportation  of  the  piers  exceed- 
ing the  Initial  load  of  the  test.  This  is  most  conspicuous  with  piers 
laid  in  the  weaker  class  of  mortars. 

The  second  application  of  a  given  load  usuallv  caused  an  increase  in 
the  total  amount  of  compression,  and  as  the  higher  loads  were  reached 
the  difference  of  the  two  readings  became  greater.  The  quality  of  the 
mortar  in  this  case  was  a  controlling  element. 

It  is  believed  that  repeated  loads  would  eventually  reduce  the  ultimate 
strength  of  a  pier  by  flrst  destroying  the  mortar,  after  which  the  bricks 
would  fail  in  detail,  on  account  of  the  unequal  distribution  of  load  which 
would  ensue. 

The  higher  result  obtained  with  pier  No.  289,  which  was  subjected  to 
repeated  loading,  is  regarded  as  exceptional. 

Pier  No.  291,  with  joints  broken  every  sixth  course,  was  13.6  per* 
cent,  stronger  than  the  average  of  piers  Nos.  288  and  289,  laid  in  the 
same  kind  of  mortar  with  joints  broken  every  course. 

Laying  the  bricks  on  edge  also  appears  to  have  a  tendency  to  increase 
the  strength  of  the  pier. 

These  examples  are  from  piers  laid  in  lime  mortar,  the*  weakness  of 
which  causes  the  bricks  to  fracture  under  transverse  stress.  The  piers 
are  strengthened  in  this  direction  by  laying  the  bricks  on  edge,  or  lay- 
ing several  courses  before  breaking  joints. 

Comparing  solid  and  hollow  piers  laid  in  the  same  kind  of  mortar, 
the  strength  is  substantially  the  same  for  the  short  face  brick  piers 
(Nos.  283  and  284).  In  common  brick  there  is  a  difference  in  favor  of 
the  solid  pier  (Nos.  281  and  282).  In  each  case,  however,  with  piers  10 
feet  high,  the  strength  of  the  hollow  exceeds  that  of  the  solid  pier,  not 
only  in  pounds  per  square  inch  of  actual  compressed  surface,  but  the 
gross  load  sustained  is  greater  for  the  hollow  than  the  solid  pier. 

The  relative  strength  of  the  piers  10  feet  high  is  as  follows,  calling 
the  strength  of  the  solid  piers  100 : 


No.  of  test. 

j 

NoiDinal  dlmeDsions. 

Kind  of 
brick. 

R*».lative  strength. 

6it>88  load.               Per  square  inch. 

bSSSL'.         Height. 

1                    1 

Solid     ,     Hollow     '     Solid     1    Hollow 
pier.     1       pier.            pier.     I      pier. 

1 

832,834 
331.830 

Inehe$.     \       Feet.       1                     1                                        Pounde.  '  Poundt, 

12  by  12                  10  1  Fiice |           100                105  |           100  i            120 

12  by  12  1                lo'CommoD.J           100  1               120             100  1             142 

1                     ,                      1                                        1 
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Piers  have  been  built  and  are  now  seasoning,  which  »'*6  /ntended  to 
show  the  absolute  and  relative  strength  of  solid  and  ho//ow  piers  for 
intermediate  lengths,  not  covered  by  this  series  of  experioients. 

Arranging  the  single  bricks  and  such  piers  as  are  directly  comparable 
in  the  order  of  their  strength,  we  have — 

Strength  of  single  hriclcs, 

Ponnds  per 
Bqaare  inch. 

Common  bricks 18,337 

Face  bricks 13,925 

Bay  State  bricks 11,400 

[12"  X  12''  piers,  24''  high,  laid  in  lime  mortar.] 


No.  of 
teet. 


Kind  of  brick. 


281    I  Common  .. 

283    '  Face 

285    ;  Bay  State  . 


Ultimate 
Btren^th  per 
Bqaare  inch. 


Efficiency. 


Pounds. 
2.150 
],940 
1,370 


PereenL 
11.7 
13.9 
12.0 


L12"  X  12"  piers,  10'  high,  laid  in  lime  mortar.] 


331 
327 


Face , 

Common    . . 
Bay  State. 


[12"  X  12"  piers,  10'  high,  laid  in  mortar  composed  of  Portland  cement,  I  part;  sand,  2  parta.] 


From  the  above  comparisons  it  is  seen  that  the  highest  results,  when 
tested  singly,  are  obtained  with  the  common  bricks;  and  that  the  same 
order  of  strength  prevails  in  the  lime  mortar  piers  24"  high,  whereas 
in  the  piers  10'  high,  whetlier  laid  in  lime  or  cement  mortar,  the  diflfer- 
erence  in  strength  is  in  favor  of  face  brick ;  a  result  attributed  to  the 
evenness  of  the  bed  surfaces  of  the  face  bricks  over  the  common  bricks, 
by  which  a  better  distribution  of  the  loads  of  compression  is  obtained. 

In  order  to  judge  of  the  quality  of  brick  work  with  reference  to  the 
kind  of  mortar  employed,  the  following  table  is  given,  taken  from  the 
results  of  Bay  State  bricks  in  12"  x  12"  piers,  6'  high. 


No.  of 
test. 

Composition  of  mortar. 

Efficiency 
of  pier. 

288 
280 
301 
293 
3C0 
294 
290 

1  lime.  Sssnd 

Percent 
9.9 
10.6 
14.4 
17.8 
12.4 
15.7 
20.8 

1  limt*,  3  sand 

2  lime  mortar  (1  lime,  3  sand),  1  Bosendale  cement . . . 

1  Roseudale  cement,  2  sand 

2  limn  mortar  (1  lime,  3  sand),  1  Portland  cement 

1  Portland  cement,  2  sand - 

Clear  I^ortland  cement 

The  difference  in  the  compressibility  exhibited  by  these  piers,  due  to 
the  quality  of  the  mortar,  shows  that  it  is  essential,  in  order  for  piers 
to  work  together  in  harmony,  that  they  should  be  laid  all  in  the  same 
kind  of  mortar,  with  joints  practically  of  the  same  thickness. 
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TMSTS  OF  BRICK  PIERS. 
Face  Brick  Piers. 


ijro.jj 


8  zTzcTv  jBtzo^  pier' 


SEx3649l 
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No,  11. 

S"  hriok  pier. 


[Bnilt  of  Mven  oonrsM  of  finoe  briok,  laid  in  lime  mortar.    Compoaition  of  mortar,  one  part  Vm% 
ur«e  parta  land.    Age  when  teeted,  fifteen  months.] 


three  partai 


Total  weight  of  pier,  73  pounds. 

Weight  per  cubic  foot,  137.4  pounds. 

Total  height,  16J". 

Sectional  area,  7'^55x7".56=57.0  square  inches. 

Gatiged  length,  IGJ". 


AppUed  loads. 

Compres- 
sion. 

Set. 

Bemarks. 

1 
TotaL 

Per  s<raare 

Paundt. 

1,000 

^000 

10,000 

1,000 

15,000 

20,000 

1.000 

25,000 

80,000 

1,000 

86,000 

40,000 

1,000 

45.000 

50.000 

1,000 

56,000 

60.000 

66.000 

70,000 

75.000 

80,000 

86,000 

90,000 

96,000 

10O.0OO 

105,000 

110,000 

116,000 

120.000 

125,000 

180,000 

186,000 

148,600 

Povfutff. 

Jneh. 

0. 

.0060 
.0115 

Inch. 

Crack  appeared  in  end  conrse. 

Longitndinal  cracks  genendly  doTeloped 
in  alternate  courses,  opposite  Joints. 

TTltlmate  strength. 

.0086 

.0175 
.0280 

.0160 

.  0280 
.0880 

.0280 

.0890 
.0440 







.0820 

.0620 

.0560 



.0400 

.0646 
.0700 
.0770 
.0880 
.0890 
.0960 
.1000 
.1090 
.1210 
.1255 
.1200 
.1860 
.3450 
.1580 
.1660 
.1960 
.1790 



.     .. 

,. 

2.620 

i 

8.  Ex.  35 6 
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No.  320. 

8"  hriokpier. 

f  Built  of  thirty-flve  oouraet  of  Amjo  brick,  l»ld  in  lime  mortar.    CompositioD  of  mortar,  one  mut  1 
three  parte  tand.    Arerage  tihekneae  of  Join  to,  ^",    Age  when  toetod,  twenty-thxee  months.! 


Total  weight  of  pier,  357  poands. 

Weight  per  cubic  foot,  133.5  pounds. 

Total  height,  8(K'. 

Sectional  area,  7^^6x7^^6=57.76  square  inches. 

Gauged  length,  6(K'. 


AppUed  lowls. 

Compree- 
sion. 

Set 

Bemnrks. 

T«w-  Y"^:^" 

Pounds. 

6,000 

7,500 
10,000 

6,000 
12,600 
15,000 

5,000 
17,500 
20,000 

5,000 
221600 
25.000 

5,000 
27.600 
30,000 

6,000 
82,600 
86,000 

6,000 
37,600 
40.000 

5,000 
42,600 
45,000 

6.000 
47,600 
60,000 

5,000 
52.500 
66.000 

5.000 
67,500 

Pounds. 

Ineh, 

0. 

.0020 
.0088 

Inch. 

Cracke  in  five  connee  new  the  middle  of 
the  length  of  the  pier. 

Micrometor  lemoTed. 
intlmnto  etrength. 

.0006 

.6662 
.0088 

.0020 

.0135 
.0190 

.0088 

.  0256 
.0818 

' 

.0170 

.0890 
.0408 

.0270 

.0645 
.0810 

.0888 

.0886 
.0780 

.0470 

.0612 
.0856 

.0656 

.0982 
.9972 

.0646 

.1072 
.1115 

.0746 

.1208 
.1266 

.0645 

1061400 

1.877 

1 

Failed  by  opening  longitudinal  seams,  and  partially  crushing  bricks 
in  thirteen  courses  near  the  middle  of  the  pier. 

When  the  micrometer  was  removed  the  pier  was  then  covered  with 
canvas.  Frequent  snapping  sounds  were  heard  after  the  load  passed 
75,000  pounds. 

Occasionally  the  load  would  fall  momentarily,  when  there  was  sudden 
yielding  of  the  pier. 
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BTo.  12, 
8''  hriok  pier, 

[Built  of  aeren  ooanea  of  fMe  briok,  laid  In  oament  norter.    ComiKMitioii  of  mortar,  one  part  Port- 
land cement,  two  porta  sand.    Age  when  taotod,  fifteen  months,  l 

Total  weight  of  pier,  74  pounds. 

Weight  per  cabic  foot,  136.3  pounds. 

Total  height,  16''.24. 

Sectional  area,  7''.6x7''.6=57.76  square  inches. 

Ganged  length,  16''.24. 


Compres- 
sion. 

Bet 

Bemarks. 

Total. 

Pereimare 

Pounds. 

1,000 

5^000 

10,000 

1,000 

15,000 

20,000 

1.000 

25,000 

88,000 

1,060 

85,008 

40,000 

1,000 

45,000 

50,000 

1.000 

56^000 

60,000 

66,000 

70,000 

75,000 

80,000 

8^000 

80,000 

85.0C0 

100.000 

1000 

105,000 

110,000 

115,000 

120,000 

125,000 

180,000 

185,000 

140,000 

146^000 

150.000 

1.000 

165,000 

160.000 

165,000 

170,000 

175^000 

180,000 

186,000 

180,000 

185.000 

206^  000 
210^000 

1,000 
210,000 
218,100 

Poundt. 

Inch, 

0. 

.0020 
.0085 

JnOL 

Bnd  bilok  shelled  off  tho  fMO.  neztoom. 
pnssion  plntform.    . 

Crsoks  oponed  in  second  and  fifth  eoofses. 
Ultimate  strength. 

.0015 

.0055 
.0075 

.0080 

.0085 
.0115 

.0040 

.0140 
.0160 

.....a  ...... 

.0068 

.0185 
.0210 

.0080 

.0242 
.0260 
.0288 
.0805 
.0625 
.0850 
.0375 
.0680 
.0410 
.0428 

.0210 

.0480 
.0405 
.0515 
.0586 
.0556 
.0578 
.0580 
.0610 
.0640 
.0660 

.0656 

iiiiiiiiiiii 



.0645 

.1140 

8,776 
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No.  321. 


8"  Mch  pier. 

[Built  of  thirtj-flTe  ooanes  of  fiuw  bilok,  liid  in  oenMnt  mortar. 
Portiand  ooment.  two  parts  sand.    Average  thfokness  of  joints,  V\    This  pier  wiw  broken  i  _ . 

pieces  in  transportation  to  testing  machine,  separating  between  the  fourth  and  fifth  and  between  the 
twenty-third  and  twenty-fourth  oonrses.  rier  was  set  up  without  additional  cement  in  the  broken 
joints.    Age  when  tested,  twenty-three  months.] 


Composition  of  mortar,  one  part 


Total  weight  of  pier,  357  pounds. 

Weight  per  cabic  foot,  133.5  ponnds. 

Total  height,  SC'. 

Sectional  area,  T\6  x  7''.6  =  57.76  square  inches. 

Ganged  length,  5(K'. 


Applied  loads. 

Compres- 
sion. 

Set. 

Bemarks. 

Total. 

Personare 

Pounds. 

6,000 

7,500 
10.000 
12,500 
15,000 
17,600 
20,000 

5,000 
2^500 
26.000 
27,500 
80,000 

6.000 
32,600 
86,000 
87.600 
40,000 

6^000 
42,500 
46,000 
47,500 
50.000 

6^000 
52,500 
66,000 
67,600 
80,000 

6.000 
82,500 

oSooo 

87.500 
70,000 

6^000 
72,500 
75,000 
77,500 
80,000 

6,000 

82,600 

..      86.000 

87,500 

•J:g* 

92,500 
•6.000 

6,000 

120,000 

Poimdf. 

Inch, 

0. 

.0008 
.0018 
.0028 
.0040 
.0060 
.0082 

Inch, 

Cracks  opend  in  second,  thinl,  and  fourth 
oonrses. 

panied  by  slight  ezplosiTe  sounds, 
withoanras. 



« 

.0012 

.0078 
.0090 
.0105 
,0118 

.0028 

.0130 
.0140 
.0162 
.0188 

.0040 

.0186 
.0199 
.0215 
.0228 

.0068 



.0250 
.0282 
.0275 
.0290 

.0082 

.0810 
.0826 
.0888 
.0868 

.0108 

.0878 
.0890 
.0405 
.0420 

.0126 

.0440 
.0458 
.0470 
.0488 

.0150 

.0628 
.0060 

.0186 

2(249 

Pier  failed  by  partially  crashing  bricks  in  lower  courses,  and  openinj^ 
longitudinal  seams  half  the  length  of  the  pier. 


iTVo.  ^S 


_/^  znc/t^  _^7*^^  pzer'. 


\^ 

^I^^ 

1 

^\ 
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BTo,  283. 

12"  brick  pier. 

[Built  of  ten  oootsm  of  fiMo  briok.  Utid  in  lime  mortor.    Composition  of  morter,  one  pert  lime,  thxee 
pane  aend.    Age  when  tested,  eighteen  and  one-hslf  montiis.] 

Total  height,  23".a5. 

Sectional  area,  11^^60  x  1V'.B0  =  132.25  sqaare  inches. 

Ganged  length,  23''.a5. 


AppUed  loads. 

C«g».. 

Bet 

Remarks. 

Total 

Per  sqaare 
inob. 

Pounds. 

6,000 

10,000 

15^000 

20^000 

29,000 

5^000 

26,000 

80,000 

86,000 

40,000 

45,000 

60,000 

5,000 

60,000 

55,000 

00,000 

05.000 

70,000 

75,000 

5,000 

75,000 

80,000 

86^000 

80,000 

96,000 

100,000 

6,000 

100,000 

110,000 

120,000 

180,000 

140,000 

^C 

170,000 
180,000 
180,000 
200,000 
207,100 

Pomdt. 

0. 

.0022 
.0060 
.0076 
.0102 

Inch. 

Longiindinal  eraoks  in  sight 

.0062 

.0102 
.0180 
.0166 
.0188 
.0210 
.0886 

.0144 

.0282 
.0270 
.0282 
.0820 
.0660 
.0872 

.0240 

.0886 
.0410 
.0480 
.0470 
.0500 
.0660 

.0860 

.0582 
.0600 
.0746 
.0625 
.0066 
.1060 
.1260 
.1870 
.1440 
.1640 
.1076 

ioio 
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No.  284. 

lit*  brick  pier,  hollow  ooater. 

id  In  lime  morter.    Coi 
I  uid  a  half  montlit.] 

Total  height,  23^04. 

Dimensions  of  cross-section,  ll''.5zir^5sl32.26  sqnaiSd  inches. 
Dimensions  of  hollow  center,  4'^26z4'^35=18.49  square  inches. 
Sectional  area,  113.76  square  inches. 


(Built  of  ten  ooniMt  of  fikoe  brick,  laid  In  lime  morter.    Compoiition  of  mortar,  one  put  limo,  throe 
lite  nad.    Age  when  tested,  eighieen  i    '  ^  "" 


Gompree- 
don. 

Totid. 

Penqoere 

Set                                  Bemu-he. 

Founds. 
5.000 
10,000 
15^000 
10.000 
25,000 
5,000 
86,000 
80,000 
S6.000 
40^000 
46,000 
50.000 
5,000 
501000 
00,000 
05,000 
70,000 
76^000 
5^000 
75^000 
00^000 
85,000 
80,000 
80,000 
100,000 
5,000 
100,000 
110,000 
180,000 
180,000 
140,000 
150.000 
180.000 
170^008 
180,000 
180,000 
880^000 
288^100 

PlMMMlf. 

IncK, 
Ol 

Inch, 

.0060 
.0145 

• 

".V/.'.'.'.'.'.V. 

.0185 
.0280 

.0145 

.0240 
.0278 
.8810 
.0350 
.0880 



............ 

.0428 

.  v««o 

.0286 


Snapping  sonnds.    No  cracks  in  sight. 
Brick  in  end  conrse  crushes. 

.0460 
.0620 
.0500 



.0615 
.0660 

.0185 

...... ■•.... 

.0685 
.0720 
.OVO 
.0815 
.0870 
.0080 

.0640 

.0075 
.1060 
.1140 
.1255 
.1886 
.1460 
.1540 
.1660 
.1700 
.1860 
.2010 

....L. ...... 

iooo 
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No.  332. 
12"  briehyier. 


[Bnilt  of  fifty-two  oonnea  of  fhoe  biiok,  laid  In  Umtt  Ihwm-i  i  «v«uapv«>wvu  vt  hwawm,.  mmv  mi»«  uwv. 
three  parta  aand ;  average  thickness  of  Joints,  i  to  A" ;  joints  between  18th  and  IMh,  S2d  ana  88d.  aoa 


89th  and  40th  connes  broken  in  transportation, 
tested,  twenty-four  months.] 


eomposition  of  mortar,  one  part  lime. 

jetween  18th  and  IMh,  S2d  and  88d.  and 

Tliey '  were  r^oined  with  plaster  of  paiis.    Age  when 


Total  weight  of  pier,  1,2M  poandft. 

Weight  per  cnbie  ft)ot,  131.7  pounds. 

Total  height,  119|". 

Sectional  area,  ir^6xir'.5=132.25  square  inches. 

Gauged  length,  10(K'. 


AppUed  loads. 

Compres- 
sion. 

Set. 

Remarks. 

Total. 

Per  sqaare 
inch. 

Povndt. 

10,000 

20,000 

30,000 

40,000 

90,000 

10.000 

60,000 

70,000 

80.000 

90,000 

100.000 

10,000 

110,000 

120.000 

130.000 

140,000 

160.000 

lOQiOOO 

170,000 

109,800 

Poundt, 

Inch, 

0. 

.0056 
.0114 
.0324 
.0988 

Jneh, 

Cracks  opened  in  the  middle  oonrses  of 
bricks  in  the  vidnity  of  the  plaster  of 
pads  Joints. 

.0844 

.0882 
.1264 
.1500 
.1920 
.2280 

.1628 

.2648 
.2980 
.3260 
.8640 
.8985 
.4295 
.4619 



1.011 

Failed  by  opening  longitudinal  seams,  principally  confined  to  the 
middle  part  of  the  pier. 
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No.334, 
I2f'  hridk  pier  with  hollow  center. 


(Built  of  flfty-two  ooones  of  ftoe  briok,  Uid  in  Ume  morter.    Composition  of  mortor.  one  part  lime. 

lixee  parts  sand.    Average  thickness  of  Joints.  V*.    Joints  between  the  9th  and  10th,  the  28d  ana 

24th,  and  the  4l8t  and  42dooiir8es  were  broken  in  transportation.    They  were  rejoined  with  plaster 


of  paris.    Age  when  tested,  twenty-foar  months.  ] 

Total  weight  of  pier,  995  pounds. 

Weight  per  oabio  foot,  125  pounds. 

Total  height,  119J'^ 

Dimensions  of  cross-section,  ll'^5xll^^5= 132.25  square  inches. 

Dimensions  of  hollow  center,  4^Mx4^M=  16.81  square  inches. 

Sectional  areia,  115.44  square  inches. 

(Gauged  length,  100^'. 


AppUed  loads. 

Compres- 
sion. 

Set. 

Kemarks. 

Total. 

Per' square 
inoh. 

Poundt, 
10.000 
20.000 
80.000 
40.000 
80.000 
10,000 
00,000 
70.000 
80.000 
90,000 
100,000 
10,000 
U0,000 
U0,000 
180.000 
140,000 
150.000 
10,000 

100.000 
170.000 
180,000 
180.000 

Poimdf. 

JndL 

0. 

.0078 
.0806 
.0602 
.0884 

Inch 

Craoks  opened  in  48d  and  45th  oonrses. 
also  in  the  51st  oonrse. 

Craoks   started  in  11th.  Utii.  and  17th 
oourses.    The  51st  oonrse  flakes   off 
sUghUy. 

entire  length  of  pier. 

e 
Ultimate  strength. 

.0664 

.1085 
.1884 
.1585 
.1874 
.2135 

.1484 

.2480 
.2728 
.8082 
.8272 
.8608 

.2504 

.4025 
.4888 
.4644 

.5060 

1.807 

Failed  by  partially  crushing  bricks  in  35th  to  48th  courses,  inclusiye, 
and  by  the  general  development  of  longitudinal  seams. 

The  behavior  of  the  pier  up  to  nearly  the  maximum  load  did  not 
appear  to  indicate  there  was  any  weakness  attributable  to  the  plastered 
joints. 

The  final  crushing  occurred  in  the  vicinity  of  one  of  the  plastered 
joints.  At  the  other  two  plastered  joints  there  was  no  special  weak- 
ness of  the  pier. 
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No.  286. 

12"  brick  pier, 

[Bnflt  of  ten  coartes  of  fJMje  briok,  laid  in  oement  mortar.    Comnoaition  of  mortar,  ona  part  Portlaad 
eement,  two  parta  tand.    Age  whan  teeted,  eighteen  and  one-half  months.] 

Total  height,  23''.50. 

Sectional  area,  ir^50  x  11^^50  =  132.25  square  inches. 

(ranged  length,  23''.50. 


1 

Applied  loada. 

Comprea- 
aion. 

Set. 

Remarks. 

Total. 

Pounds. 

5,000 

10,000 

20,000 

30,000 

40,000 

50,000 

5,000 

50,000 

00.000 

70,000 

80,000 

90.000 

100.000 

5,000 

100,000 

110.000 

120.000 

130,000 

140.000 

150,000 

5,000 

150.000 

100,000 

170,000 

180,000 

190,000 

200,000 

5,000 

200.000 

10.000 

210.000 

Per  sqoare 
inch. 

Pounds. 

Inch. 

0. 

.0010 
.0080 
.0045 
.0082 
.0085 

Insk, 

Craoh  in  third  ooorae. 
Uken. 

Ultimate  Btrength. 

•-•••••""••• 

.0080 

.0090 
.0115 
.0150 
.0190 
.0220 
.0280 

.0140 

.0280 
.0295 
.0820 
.0850 
.0875 

.0406 

.0210 

.0480 
.0445 
.0400 
.0480 
.0500 
.0520 

.0250 

.0660 

.0500 
.0802 
.0612 
.0680 
.0640 

..A 

220,000 

230,000 
240,000 
250,000 

5.000 
250.000 
200.000 
270.000 
280,000 
290,000 
800.000 

5,000 
800,000 
310,000 
820.000 
830.000 
840.000 
350,000 
860,000 
870,000 
880,000 
890,000 
400,000 
410,000 
420,000 
480,000 
440,000 
450,000 

470;000 
488,000 

.0810 

.0660 
.0675 
.0602 
.0710 
.0780 
.0760 

.0860 

.0762 
.0786 
.0800 
.0880 
.0870 
.0886 
.0905 
.0926 
.0942 
.0968 
.0990 
.1020 
.1050 
.1075 
.1102 
.1152 
.1220 
.1810 

8,870 
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No.  326. 

12"  hrickpier. 

[BaUt  of  flilj-one  ooiiraM  of  Hue  briok,  laid  in  oement  mortar.  Composition  of  mortar,  one  part 
Portland  oement,  two  parts  sand.  Ayerage  thiokness  of  Joints,  A''*  '^S^  when  tested,  twen^-tnree 
and  a  half  months.] 

Total  weight  of  pier,  1,207  poands* 

Weigbt  per  cabic  foot,  132.2  poands. 

Total  height,  119".30. 

Sectional  area,  ll'^5xll'^5s=132.25  square  inches. 

Oaaged  length,  IW. 


Applied  loads. 

Compres- 
sion. 

Set. 

fiemarks. 

Total. 

Personare 
inok 

10,000 

90.000 

80,000 

40,000 

80,000 

10,000 

00,000 

70,000 

80.000 

00.000 

100.000 

10.000 

110.000 

190.000 

180.000 

140.000 

150,000 

10.000 

100,000 

170,000 

180,000 

180,000 

lOJOOO 
910,000 
990,000 
980,000 
940,000 
960,000 

10,000 
980,000 
970.000 
980,000 
990, 000 

986,000 

Poundt. 

Ineh. 

0. 
.0029 
.0060 
.0009 
.0190 

Ineh. 

Craeksopened  in  lower  end  ooorse  of  brisks. 
Cracks  in  four  courses  at  lower  end. 

Cracks  extend  from  npper  end  throni^h 
thirteen  ooorses.  At  lower  end  through 
nine  courses. 

Ultimate  strength. 

-.0004 

.OlM 

.0101 
.0926 
.0201 
.0286 

.0000 

.0888 
.0061 
.0425 
.0470 
.0529 

.0040 

.0904 
.0050 
.0706 
.0788 
.0648 

.0158 

.0048 
.0000 
.1008 
.1185 
.1200 

.0815 

.1428 
.1680 
.1046 
.1865 

2,m 

This  pier  fitiled  at  the  ends,  cracks  opening  first  in  the  end  coarses 
and  extending  towards  the  miadle  of  its  length.  The  lower  end  coarse 
began  to  flake  off  at  220,000  poands,  and  thas  coutinaed  daring  the  re- 
mainder of  the  test. 
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Common  Brick  Piers. 
No.  10. 


8''  brick  pier. 

[Bnilt  of  aevcn  oonneB  of  oommon  briok,  laid  In  lime  mortar, 
three  parts  sand.    Age  when  tested,  fifteen  months.] 


Composition  of  mortar,  one  pact  Urn* 


Total  weight  of  pier,  78.5  pounds. 

Weight  per  cabic  foot,  135.6  poanda. 

Total  height,  16^48. 

Sectional  area,  7^^8x  7^^8=60.8  square  inches. 

Ganged  length,  16^'.48. 


Compres- 
sion. 

TotaL 

Per  square 
inoL 

Poundt, 

1.000 

8,000 

3.000 

4,000 

S.0OO 

0.000 

7.000 

8,000 

8.000 

10,000 

1,000^ 

10,000 

18.000 

14.000 

10.000 

18,000 

80,000 

1,000 

88.000 

84.000 

80.000 

88.000 

80,000 

1.000 

88.000 

84.000 

80,000 

88.000 

40,000 

48.000 

44.000 

40,000 

48.000 

50,000 

1.000 

68,000 

HOOO 

58,000 

58,000 

00,000 

0^000 

04,000 

00,000 

08,000 

70,000 

73.000 

74,000 

70.000 

78.000 

80,000 

1,000 

88,000 

84,000 

88,000 

88,000 

Poundi, 

IflOL 

0. 

.0000 
.0100 
.0140 
.0170 
.0200 
.0885 
.0850 
.0870 
.0290 

.0800 
.0880 
.0870 
.0400 
.0440 
.0470 

.0610 
.0540 
.0500 
.0600 
.0085 

.0070 
.0080 
.0780 
.0740 
.0706 
.0790 
.0880 
.0845 
.0876 
.0906 

............ 

.0968 
.0070 
.0996 
.1015 
.1040 
.1070 
.1100 
.1180 
.1100 
.1840 
.1380 
.1880 
.1896 
.1840 
.1870 

.•■••■.•••a. 

.1400 
.1470 
.1480 
.1600 

Set. 


JnOL 


.0310 


.1000 


Graek  In  6th  oonrse  opposite  a^jaoent  end 

JoUttt  mtrtv^ellsoC: 
Craok  in  dd  oonrse  opposite  a4Jaoent  end 
joint. 
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ComprM- 
•ion. 

Set. 

Bemarkiu 

ToteL 

'•'OT' 

Foundi. 
90,000 
98,000 
94,000 
06^000 
90,000 
100,000 
102,000 
IHOOO 
106,000 
106,000 
110,000 
112,000 
114,000 
116.000 
120,000 
180,000 
148,400 

Foundt, 

•    Ify)h, 
.1580 
.1550 
.1566 
.1680 
.1020 
.1645 
.1670 
.1600 
.1710 
,1720 
.1770 
.1820 
.1830 
.1860 
.1900 
.2040 

In^, 

UltiQiAto  strengtli. 





.  2,440 

S'inc/t  Srzc^  pier. 


I 
I 

I 
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No.  12}. 
8"  brick  pier. 

(Bvllt  of  thlrty-fonr  oonnfta  of  oommon  btlok,  1«I4  in  lime  mortar.    Composition  of  mortar,  one  part 
Ume^  three  paite  aa&4.    Age,  when  tested,  fifteen  months.  ] 

Total  weight  of  pier,  386  poands. 

Weight,  per  cabic  foot,  133.6  poands. 

Total  height,  80".05. 

Sectional  area,  7'^9x7'^9=s:62.4  sqaare  inches. 

Pier  cracked  in  transportation. 

Oauged  length,  8(K'.05. 


AppUed  loads. 

Compres- 
sion. 

Set. 

Bemarks. 

Total. 

^•yr" 

HoriiontaL 

Vertical. 

Foundt. 

5,000 

8,000 

7,000 

8,000 

9,000 

10.000 

5,000 

10,000 

12,000 

14,000 

18.000 

18,000 

20,000 

5^000 

96,100 

Ppimdff. 

Inch, 

0. 

.0080 
.0190 
.0300 
.0420 
.0520 

Inch. 

Inch. 

Jnoh, 

.0446 

.A....... 

.0580 
.0790 
.0910 
.1080 
.1270 
.1400 

%  Snapping  sounds, 
hnf  no  oraoksin 
sight.  Hortarat 
snrlhoeof  JoinU 
starts  oir. 
Ultimatestxength. 

.00ft 

.1176 

1,540 
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No.  281. 
12"  Irick  pier, 

[Built  of  ten  oonrses  of  oommon  brick,  laid  in  lime  mortar.    Compoeltion  of  mortar,  one  part  lime 
three  parts  sand.    A  ge,  when  tested,  eighteen  and  one-half  months.  ] 

Total  height,  23''.90. 

Sectional  area,  ll".76xir'.76=138.06  square  inches. 

Gauged  length,  23".90. 


AppUed  loads. 

Compres- 
sion. 

Set 

Kemarks. 

Total. 

Per  sqnare 
inch. 

Pounds, 

6,000 

10,000 

16.000 

20,000 

26.000 

5,000 

26,000 

80,000 

34,000 

35,000 

40,000 

45.000 

60,000 

5,000 

60.000 

66.000 

00,000 

66,000 

70,000 

75,000 

6,000 

75,000 

80,000 

85,000 

90,000 

06,000 

100,000 

6.000 

100,000 

106,000 

110,000 

116.000 

120.000 

126,000 

180,000 

186.000 

140.000 

145.000 

150,000 

180,000 

170.000 

180.000 

190.000 

200.000 

208.400 

Poundt. 

Inch. 

0. 

.0052 
.0114 
.0175 
.0287 

Inch, 

Cracking  sounds. 
Cracks  in  end  course. 

Longitudinal  cracks  generally  deyetoped 
in  bricks  opposite  joints  b  a^acent 
courses. 

Ultimate  strength. 

.0176 

.0262 
.0200 

.0372 
.0440 
.0500 
.0676 

.0440 

.0800 
.0630 
.0600 
.0760 
.0810 
.0870 

.0982 

.0920 
.0970 
.1010 
.1100 
.1190 
.1220 

.0922 

.1266 
.1800 
.1825 
.1896 
.1480 
.1626 
.1686 
.1680 
.1720 
.1790 
.1840 
.1910 
.2060 
.2162 
.2250 
.2865 

2,190 
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No.  282. 
12"  brick  pier  with  hollow  oenier, 

[Bnilt  of  ten  oonnes  of  oommon  briok,  laid  in  lime  mortftr.    Composition  of  mortar,  one  part  lime, 
three  parts  sand.    Age  when  tested,  eighteen  and  one-half  months.] 

Total  height,  23''.90. 

Dimensions  of  cross-section,  ll'^75x  11^^90=139.83  square  inches. 
Dimensions  of  hollow  center,  4'^5x  4^^5=20.26  square  inches. 
Sectional  area,  119.58  square  inches. 


Applied  loads. 

Compres* 
sion. 

Set. 

Bemarka. 

Total. 

Per  square 
inok. 

Poimdi. 
5,000 
10,000 
20,000 
25,000 
5,000 
25,000 
30,000 
85,000 
40,000 
45,000 
60.000 
5,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
5,000 
75.000 
80,000 
85,000 
90,000 
05,000 
100,000 
5,000 
100,000 
110,000 
120,000 
130,000 
140,000 
150.000 
160,000 
170,000 
180,000 
190.000 
200.000 
244,600 

Founds. 

Inch, 

0. 

.0010 
.0102 
.0148 

Intk. 

CraeUng  sounds. 

Cracks  in  sight  in  8d,  5th.  and  7th  courses. 
Ultimate  strength. 

.0115 

.0165 
.0200 
.0250 
.0295 
.0350 
.0395 

.0302 

.0430 
.0460 
.0520 
.0580 
.0660 
.0730 

:;. 



.  . 

.0560 

.0772 
.0825 
.0800 
.0980 
.1065 
.1130 

.0900 

.i266 
.1305 
.1480 
.1645 
.1800 
.1950 
.2160 
.2260 
.2410 
.^560 
.2755 

2,050 



8.  Ex.  35- 
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No.  331. 


12"  hrioJc  pier. 

[Built  of  40  ooaraes  of  common  briok,  laid  in  lime  mortar.  Composition  of  mortar,  one  part  lima, 
tkree  parts  sand.  Joints  between  13th  and  14ih  courses,  and  86tb  and  87th  courses,  were  broken  in 
transportation.    They  were  rejoined  with  plaster-of-paris.    Age  when  tested,  twentj-foar  months.] 

Total  weight  of  pier,  1,234  pounds. 

Weight  per  cabic  foot,  131.5  pounds. 

Total  height,  11 71''. 

Sectional  area,  ir'.76xir'.75=138.06  square  inches. 

Average  thickness  of  joints,  J''. 

Gauged  length,  IOC'. 


AppUed  loads. 

Compres- 
sion. 

Total. 

Per  square 

Set. 

Remarks. 

Poundi. 
10,000 
20,000 
80,000 
40,000 
50,000 
10,000 
60,000 
70,000 
80,000 
90,000 
100.000 
10,000 
110, 000 
120,000 
180,000 
140,000 
154,800 

Poundt. 

IneK 

0. 

.0084 
.0245 
.0854 
.1560 

Inch. 

1 

Cracks  opened  in  courses  next  the  plas- 
tered Joints. 

Ultimate'strenRth. 

.1218 

.2275 
.8050 
.8610 
.4195 
.4816 

.8990 

.5410 
.5065 
.6480 
.7140 

1.118 

Failed  by  opening  longitudinal  seams. 

One  of  the  plaster-of-paris  joints  varied  in  thickness  from  i"  to  f". 
The  brick-work  was  most  injured  in  the  vicinity  of,  and  on  the  side  of, 
the  pier  having  the  closest  joint. 


TESTS   OF   IRON   AND   STEEL   AND   OTHER  3LA.TERIAL8. 


99 


STo.  330. 
12^'  hriok  pier  toith  hollow  center. 

[Bailt  of  50  ooanes  of  common  briok  Uid  in  lime  mortar.    Composition  of  mortar,  one  part  lime, 
three  parte  aand.    Average  thickness  of  joints,  V'*    -^S^  when  tested,  twenty-foar  months.] 

Total  weight  of  pier,  1,095  pounds. 

Weight  per  cable  foot,  136  pounds. 

Total  height,  120|''. 

Dimensions  of  cross-section,  ll".75xll".75= 138.06  square  inches. 

Dimensiors  of  hollow  center,  4^^75x4^^75=22.56  square  inches. 

Sectional  area,  115.5  square  inches. 

Gauged  length,  100^'. 


AppUed  loads. 

Compres- 
sion. 

Set 

Remarks. 

Crack  opened  in  15th  coarse. 

Cracks  very  generally  developed  along  en- 
tire length. 

Ultimate  strength. 

Total. 

Per  square 
inch. 

PoundM. 

10,000 

20,000 

30,000 

40,000 

50,000 

10.000 

60,000 

70,000 

80,000 

10,000 

90.000 

100,000 

10,000 

110,000 

120,000 

130.000 

140,000 

150,000 

160.000 

165.500 

183.300 

<    Pounds, 

Inch. 

0. 

.0100 
.0243 
.0650 
.1120 

Ineh. 

1 

.0729*" 

1 

' 

.1563 
.2048 
.2456 



..   ...  .. 



.1769 

.2906 
.3468 

1 

1 

.2548 

.8080 
.4350 
.4912 
.5365 
.5912 
.6475 
.6770 

i        ..    .. 

i  

1 



1 

1,587 

1 

Seams  opened  from  end  to  end  of  the  pier.    Bricks  partially  crushed 
in  six  courses  near  the  middle,  and  in  the  eighth  course  from  the  end. 
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No.  329. 

92"  brick  pier, 

iBnilt  of  48  coarsea  of  common  brick,  laid  in  cement  mortar.    Composition  of  mortar,  one  part  Poxt- 
land  cement,  two  parts  sand.   Average  thickness  of  joints,  ^'.   Age  when  tested,  twenty-foor  months.] 

Total  weight  of  pier,  1,256  pounds. 

Weight  per  cabic  foot,  J  31  pounds. 

Total  height,  120''. 

Sectional  area,  ll".76xll".75=138.06  per  square  inch. 

Gauged  length,  IOC'. 


Applied  loads.         i 

Compres- 
sion. 

Set.        1 

Bemarks. 

Total. 

Per  square 
inch.       j 

Poundt. 
10,000 
20,000 
30,000 
40,000 
60,000 
10,000 
60,000 
70,000 
80,000 
90,000 
100,000 
10,000 
110,  000 
120,000 
130, 000 
140,000 
150,000 
10,000 
160,  000 
170,000 
180, 000 
190  000 

Poundt. 

Ineh. 

0. 

.0031 
.0067 
.0124 
.0184 

Ineh, 

Cracks  in  sight  at  end  oonrses. 
Ultimate  strength. 

:;:::::::::: 





.0020 

.0242 
.0289 
.0338 
.0385 
.0425 



.0066 



.0466 
.0503 
.0344 
.0594 
.0642 

.0083 



.0708 
.0760 
.0813 
.0894 
.0982 



::::::;:::: 

200,000 
10,000 

.0164 

210,000 
220,000 
230,000 
240,000 
250,000 
10,000 
260,000 
276,600 

.1084 
.1156 
.1239 
.1834 
.1439 

.0325 

.1670 

2,008 

Failure  occurred  by  opening  longitudinal  seams,  which  began  at  the 
ends  of  the  pier  and  extended  towards  the  middle. 

Under  the  maximum  load  the  largest  seam  extended  one-third  the 
length  of  the  pier  and  was  open  |". 


iTTo.^y 


26  tnehyJBr'u:^  pze^r. 


:^i 


x.         \   \ 
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No.  287. 

16"  hrickpier, 

[Built  of  thirteen  oonnee  of  common  brick,  laid  in  cement  mortar.    Composition  of  mortar,  one 
part  Portland  cement,  two  parts  sand.    Age  when  tested,  eighteen  and  one-half  months.] 


Total  height,  31''.85. 

Sectional  area,  W  x  16"=250.00  square  inches. 

Gauged  length,  31".85. 


AppUed  loads. 

Compres- 
sion. 

Set. 

Bemarks. 

TotaL 

Per  sqaare 
inch. 

Poundt. 

5.000 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

5,000 

100,000 

120, 000 

140. 000 

160,000 

180,000 

200,000 

5,000 

200.000 

220,000 

240.000 

260,000 

280.000 

300,000 

5,000 

300,000 

320,000 

340,000 

360,000 

380.000 

400.000 

5,000 

400,000 

420.000 

460;000 
480,000 
500,000 
5,000 
600,000 
520,000 
540,000 

Poundt. 

Inch. 

0. 

0. 

.0005 
.0015 
.0045 
.0070 
.0090 

.0098" 

.0130 
.0175 
.0235 
.1815 
.0430 

Inch. 

Slight  flaking  at  ends. 
Ultimate  strength. 

.0036" 



.0800 

.0470 
.0530 
.0505 
.0650 
.0735 
.0808 

.0490 

.0860 
.0920 
.0960 
.1000 
.1045 
.1095 

.0680 

.1130 
.1175 
.1210 
.1250 
.1295 
.1340 

.0760 

.1400 
.1475 
.1502 
.1530 
.1580 
.1626 

560,000 

580,000 
600,000 
5,000 
600,000 
610,000 
620,000 
630,000 
640,000 
606,000 

.'0940'" 

.1696 
.1730 
.1770 
.1815 
.1840 



....... ".'ill! 

2.720 

' 
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Ko.  328. 
16"  hriokpier. 

fBuilt  of  forty-nine  coorsea  of  common  brick,  laid  in  cement  mortar.  Composition  of  mortar,  one 
part  Portland  cement,  two  parts  sand.  Average  thickness  of  joints,  I".  Age  when  tested,  twenty- 
fonr  months.] 


Total  length,  121". 

Sectional  area,  16''xl6"=256  square  inches. 

Gauged  length,  100''. 


Applied  loads. 

Compres- 
sion. 

Inch, 

0. 

.0024 
.0065 
.0132 
.0190 

Total. 

Per  square 
incn. 

Set.                                     Remarks. 

Pounds. 

20,000 

40, 000 

60,000 

80,000 

100, 000 

20,000 

120,000 

140,  000 

160,000 

180,  000 

200,000 

20,000 

40,000 

60,000 

80,000 

100,  000 

20,000 

120,000 

140,000 

160,  000 

180,  000 

200,000 

20,000 

220,000 

240,000 

260,  000 

280,000 

300,000 

20,  000 

320,  000 

340, 000 

360,000 

380,000 

400,  000 

20,000 

420.000 

440, 000 

460,000 

483, 100 

Poundi. 

Inch. 

Loads  and  readings  repeated  np  to  200, 000 
pounds,  on  account  of  probable  errors 
in  the  first  readings. 

Cracks  dcTeloped  in  5  courses  at  lower 
end. 

- 





.0042 

.0235 
.0278 
.0289 
.0322 
.0351 

. 

.0021 

.0039 
.0074 
.0113 
.0153 

.0021 

.0191 
.0230 
.0271 
.0312 
.0352 

.0024 

.0394 
.0444 
.0496 
.0553 
.0619 

.0067 

.0687 
.0763 
.0841 
.0928 
.1017 

.6i64 

.1155 

Cracks  developed  in  courses  at  the  upper 
end  of  pier. 

Cracks  now  extend  from  each  end  one- 
third  the  length  of  pier. 

Ultimate  strength. 

.1274 
.1427 

1.887 

Failure  occurred  by  the  development  of  longitudinal  seams,  which 
began  at  the  ends  of  the  pier  and  extended  towards  the  middle,  follow- 
ing the  end  joints  of  the  bricks,  3J''  to  4''  from  the  corners  of  the  pier. 

At  the  lower  end  one  seam  was  opened  along  the  middle  of  one  side, 
extending  through  six  courses,  thence  obliquely  t«  the  end  joints  4" 
from  corner  of  pier. 


2&  zncih^IBj^cX^ pijejr . 
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Bat  State  Brick  Piers. 

No.  285. 

W  hriokpier. 

[Bailt  of  ten  coaraes  of  Bay  State  brick  laid  in  lime  mortar.    Composition  of  mortar,  one  part  lime 
three  parts  sand.    Age  when  tested,  eighteen  and  one-half  months.] 

Total  height,  24'MO. 

Sectional  area,  12".  10  xl2'M0= 146.41  square  inches. 

Gauged  length,  24".10. 


Applied  loads. 
Total-     i^'L.'r" 

Compres- 
sion. 

Set. 

Remarks. 

Poundt. 
5.000 
10,000 
15,000 
20,000 
25,000 
5,000 
26.000 
80,000 
85,000 
40,000 
45,000 
50,000 
5.000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
5,000 
75,000 
80,000 
85,000 
90,000 
96,000 
100,000 
5,000 
100,000 
110,000 
120, 000 
130, 000 
140, 000 
150,000 
160,000 
170, 000 
180,000 
190,000 
200.000 
201,000 

Poundg. 

Inch. 

0. 

.0060 
.0114 
.0170 
.0280 

Inch. 

Snapping  sonnds.    No  cracks  in  sight. 

One  brick  in  end  course  begins  to  crack. 
Bested  ander  this  load  10  minutes. 

Ultimate  strength. 

.0140 

.0235 
.0278 
.0325 
.0370 
.0410 
.0470 

.0800 

.0490 
.0620 
.0566 
.0610 
.0642 
.0705 

.0460 

.0780 
.0760 
.0800 
.0840 
.0890 
.0950 

.0620 

.1020 
.1040 
.1120 
.1240 
.1370 
.1540 
.1655 
.1780 
.1960 
.2145 
.2480 



1.870 
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No.  288. 

12"  hrick  pier. 

[Bnilt  of  thirty  courses  of  Bay  State  brick  laid  in  lime  mortar.  Composition  of  mortar,  ode  part 
lime,  three  parts  sand.  Average  thickness  of  joints,  ^g".  Age  when  tested,  niuet^en  and  a  naif 
months.] 


Total  height,  72".5. 

Sectional  area,  12'' x  12" =144  square  inches. 

Gauged  length,  60". 


AppUed  loads. 

Compres- 
sion. 

Set. 

Remarks. 

Total. 

Per  square 
in  on. 

Poundt. 

10,000 

20,000 

80,000 

40,000 

50,000 

10,000 

60,000 

60,000 

70,000 

80,000 

90,000 

100,000 

10,000 

100,000 

110.000 

117,000 

163.200 

Poundt. 

Inch. 
0. 

.00»5 
.0230 
.0366 
.0516 

Inch. 

Snapping  sounds. 

Crack  in  third  course  of  bricks. 
Cracks  in  sight  in  two  other  courses. 

.0347 

.0536 
.0664 
.0820 
.0990 
.1160 
.1319 

.0923 

Sudden    yielding.     Micrometer  removed. 

Numerous  longitudinal  cracks  opened. 
Ultimate  streng^. 

.1872 
.1520 
.1617 

1,133 

* 

There  was  a  gradual  development  of  longitudinal  cracks  in  the  brick 
work  after  those  first  observed,  as  the  pressure  was  increased,  accom- 
panied by  frequent  snapping  sounds. 

The  longitudinal  seams  opened  widest  along  the  middle  of  the  pier, 
the  sides  slightly  swelling  in  each  of  the  four  directions. 

Undier  the  maximum  load  hardly  a  brick  escaped  fracture  by  splitting 
into  halves ;  fractures  occurring  opposite  the  joints  of  adjacent  courses. 
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No.  289. 

n"  brick  pier, 

[Showing  the  effect  of  repeated  loadioff.  Bailt  of  thirty  coarsea  of  B«y  State  brlok,  laid  in  lime 
mortar.  Con) position  of  mortar,  one  part  lime,  three  parts  sand.  Average  thickness  of  joints,  A". 
Age  when  tested,  nineteen  and  one-half  months.  1 


Total  weight  of  pier,  728  pouuds. 
Weight  per  cubic  foot,  119.7  pounds. 
Total  height,  73''. 

Sectional  area,  12'' x  12''= 144  square  inches. 
Gauged  length,  50". 


Applied  loads. 


1      Total. 

1 
1 

■      1  Cumproa- 

Persouare        ■^®°- 
inch.       1 

Set. 

-    _   _     _ 
Inch. 

Remarks. 

!    Poundif. 
10,  MO 

PoundM. 

Inch. 
0. 

.0103    1. 

.0109    '. 

After  sustaining  load  five  minat«s. 
Do. 

Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

Snapping  sounds  heard. 

After  sustaining  load  five  minutes. 

Do. 

Do. 
Do. 

Do. 

Do. 
After  sustaining  load  sixty-five  minutes. 

1        20,000 

10,000 

.0065 
.0066 

20,000 
80,000 

.0114    ;. 
.  0230      . 
.0245     . 

10,000 

.0148 
.0140 

20,666 

80,000 
40,000 

.0204      . 
. 0248      . 
.0862    1. 
.0382     . 

10,000 

.0237 
.0236 

1 

20.000 
30,000 
40,000 
50,000 

.0291      . 
.0340    .. 
.0300    , 
.0504     . 
.0527     ,. 

10,000 

.0328 
.0327 

1 

20, 000 
80,  000 
40.  000 
50,000 
60,000 

0380    '- 

.0439    '. 
.0487    , 

.0535      . 
.0642      . 
.0675      . 

.   .. 

10,000 

.0427 
.0425 

1 

20,000 
30.000 
40,000 
50,000 
60,000 
70,000 

.0485    1. 
.0541     '. 
.0591     1. 
.0635      . 
.0684      . 
.  0790    ' . 
.0834      . 



10,000 
10,000 
20,  000 
30.000 
40,000 
50.090 
60,000 
70,  000 
80,000 

.0540 
.0536 

.0603     1. 
.0660    ' 
. 0710      . 
.0756    '. 
.0797      . 
.0843     ,. 
.0955    1. 



.0994 

10,000 

.0653 
.0640 
.0646 

'"'  i6,"6oo' 

30,000 
40.000 
50,050 
60,000 

.inVi" . 

.  0774     . 
.0824      . 
.0877 
.0920      . 
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AppUed  loads. 

Compres- 
Bion. 

Set. 

• 

Bemarks. 

Total 

Per  sqaare 
inon. 

Foundi. 
70.000 
80,000 
90,000 

Powuli. 

Ineh. 
.0958 
.1007 
.1105 
.1162 

Ineh. 

After  Bustaixiixig  load  five  minntea. 

Do. 
After  Bastaining  load  fifteen  xninnteB. 
After  sastainbig  load  twenty-five  minutes. 

After  BQBtaining  load  five  minntea. 

Do. 
Do. 

Cracks  in  eight  in  thirteen  oonrses. 
After  sustaining  load  fire  minutes. 

Do. 

Do. 
Ultimate  strength. 

10,000 

.0773 
.0769 
.0767 
.0766 

20,000 
80,000 
40,000 
50,000 
60,000 
70,000 

.0835 

.0898 

.0931 

.1003 

.1050 

.1088 

.1130 

.1180 

. 1305  ? 

.1334 

80,000 

90.000 

100,000 

10,000 

.0908 
.0902 

20,000 
30,000 
40,000 
50,000 
60.000 
70,000 
80.000 
90,000 
100,  000 
110,000 

.0972 
.1036 
.1094 
.1145 
.1192 
.1232 
•  .1269 
.1310 
.1364 
.1450 
.1518 

'."'.'.'.'.::/.'. 



10,000 

.1041 
.1033 

20,000 
30,000 
40,000 
50,000 
60,000 
70,000 
80,000 
90,000 
100,000 
110.000 
120,000 

.1105 
.1174 
.1233 
.1284 
.1329 
.1374 
.1412 
.1453 
.1493 
.1551 
.1673 
.1718 

:::::::::::: 

10,000 

.1198 
.1191 

20,000 
80,000 
40, 000 
50,000 
60,000 
70,000 

.1262 
.1328 
.1390 
.1442 
.1489 
.1532 
.1574 
.1614 
.1653 
.1699 
.1748 
.1872 
.1908 





:::::::::::: 

80,000 

90.000 
100,000 

110,000 

120,000 

180,000 

10,000 

.1845 
.1387 

174,800 

1,210 

Failed  by  opening  longitadinal  seams. 

When  the  test  was  discontinued,  the  pressure  sustained  was  about 
150,000  pounds,  the  widest  seam  being  open  |''  at  the  middle  of  the  pier. 


^ 


5 


€X/ 


sr 
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No.  291. 

'  12"  brick  pier. 

[Built  of  thirty  ooanea  of  Bay  State  brick,  laid  in  lime  mortar.    Composition  of  mortar,  one  part 
lime  and  three  parte  sand.    Joints  broken  every  six  courses.    Age  when  tested,  twenty  months.] 

Average  thickness  of  joints,  ^g'\ 

Total  weight  of  pier,  712  pounds. 

Weight  per  cubic  foot,  118.2  pounds. 

Total  height,  72''.25. 

Sectional  area,  12^^  x  12^^  =  144  square  inches. 

Gauged  length  (fifth  to  twenty-sixth  courses,  inclusive),  60''. 


Applied  loads. 

Compres- 
sion. 

Remarks. 

TotaL 

Per  square 
inch. 

Set. 

Pounds. 
10,000 
20.000 
80,000 
40,000 
50,000 
60,000 
70,000 
80,000 
90,000 

100,000 
10,000 
100,000 
110, 000 
120.000 
130,000 
140.000 
150,000 

191, 600 

Foundt. 

Inch. 

.     0. 

.0065 
.0002 
.02i6 
.0352 
.0404 

.  oe?.*) 

.07«5 
.0935 

IwiK, 

Snapping  sounds. 

Crack  opened  In  the  eighteenth  course  op- 
posite the  Joint  of  the  seventeenth  course, 
crack  also  opened  in  the  twenty-ninth 
course. 

Cracks  generally  started  opposite  Joints  as 
indicated  by  letters  a  on  the  sketch.  The 
mortar  of  the  Joints  showing  slight  longi- 
tudinal openings. 

Brick  sin   thirteenth   and   seventeenth 

courses  flake  off  at  sides. 
Ultimate  strength. 



' 

...... ..... 

.1107 



.0744 

.1164 
.1266 

............ 

.1446 
.1614 
.1805 
.1953 

1  331 

The  pier  yielded  rapidly  under  the  pressure  of  186,400  pounds,  the 
load  falling  to  184,000  pounds.  It  then  recoveredt  and  the  pressure 
was  gradually  increased  to  the  maximum  191,600  pounds. 

Failure  occurred  by  opening  longitudinal  seams  in  continuation  of 
the  end  joints  of  the  bricks. 


J2  ihcTi/ ^n'c^  pier'. 
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:^0.  292. 

12"  brick  pier, 

[Built  of  nineteen  connes  of  Bay  State  bricks,  laid  on  edge  In  lime  mortar.    Composition  of  mortar, 
one  part  lime,  three  parts  sand.    Average  thickness  of  joints,  i".    Aga  when  testea,  twenty  months.] 

Total  weight  of  pier,  780  pounds. 

Weight  per  cubic  foot,  118.1  pounds. 

Total  height,  73''. 

Sectional  area,  12".5  x  12^.5=156.25  square  inches. 

Gauged  length,  60". 


Applied  loads. 


Total. 


Pounds. 
10,000 
20,000 
30,000 
40,000 
50.000 
10,000 
50.000 
00,000 
70,000 
80,000 
90.000 
100,000 
10.000 
100,000 
110,000 
120,000 
130,000 
140,000 
180,300 


Remarks. 


Longitudinal  seams  opened  in  three  courses 

near  middle  of  pier. 
Comer  brick  in  third  course  flakes  off. 

nitiroate  strength. 


Opened  longitudinal  seams, 
pier,  partially  crushed. 


Bricks  in  three  courses  near  middle  of 
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No.  325. 

12"  brick  pier. 

[ Bnllt  of  tbirtj'-nine  counes  of  Bar  State  brick,  ]aid  in  lime  mortar.    Composition  of  mortar,  one  pert 
"'    '  -...--     Age  when  teeted,  twenty-three  and  one-belf 


lime,  three  parte  sand, 
montha.] 


Average  thickneaa  of  Joints,  ^". 


Total  weight  of  pier,  945  poands. 
Weight  per  cubic  foot,  120.3  pounds. 
Total  height,  94^.25. 

Sectioual  area,  12^^x  12'^=144  square  inches. 
Gauged  length,  8(K'. 


Applied  loads. 


TotaL 


'  Per  square 
I      incn. 


Compres- 
sion. 


Set. 


Remarks. 


Pounds. 
10,000 
20.000 
80,000 
40,000 
50,000 
10.000 
00.000 
70,000 
80,000 
90,000 
100,  000 
10,000 
110, 000 
120,000 
130,  000 
140. 000 
150,  000 
169, 100 


Poundi. 


Jneh. 

0. 

.0074 
.0194 
.0407 
.0009 


Inch, 


.0822 
.1045 
.1268 
.1507 


:i 


1748    ,  Craoks  opened  in  three  courses  near  the 


.2049 
.2312 
.2550 
.2910 


1,174 


.  1061    .     middle  of  the  pier. 


Pier  covered  with  canvas. 
Ultimate  strength. 


At  150,000  pounds  pressure  longitudinal  seams  were  developed  the 
entire  length  of  the  pier. 

After  passing  the  maximum  load  the  pressure  was  continued,  while 
the  load  gradually  fell  to  140,000  pounds,  when  the  test  was  discon- 
tinued. 

Seams  were  opened  along  each  face  of  the  pier,  separating  it  into  a 
clustered  column,  composed  of  half  bricks. 
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lITo.  327. 
12''  brick  pier, 

[Built  of  forty-nine  ooonea  of  Bay  State  brick«  laid  in  lime  mortar.  Compoaition  of  mortar,  one  part 
lime,  three  parts  sand.  Average  thickness  of  Joints,  ^"-  Age  when  tested,  twenty- three  ana  one-naif 
months.] 

Total  weight  of  pier,  1,177  pounds. 

Weight  per  cubic  foot,  118  pounds. 

Total  height,  119".60. 

Sectional  area,  12"xl2"=:144  square  inches. 

Gauged  length,  100''. 


Applied  loads. 

— T       -     —     I  Compres- 

Per  square        ■^^'^^ 
inch.       < 


TotaL 


Pounds. 

10,000 

20,000 

30.000 

40,000 

50.000 

10,000 

60.000 

70.000 

80.000 

90,000 

100,000 

10,000 

110.000 

120.000 

130,000 

133.100 


Poundt. 


Inch, 

0. 

.0090 
.0180 
.0428 
.0758 


Set. 


I      Inch. 


Remarks. 


.1117 
.1493 
.1  0 
.2^<5 
.2710 


'  Cracks  opened  in  courses  near  the  middle 

I      of  the  pier. 

.1815    : 
.8130 
.8705 

I  .4160     j I 

924    I ! I  Ultimate  strength. 


Failed  bj  the  partial  crushing  of  bricks  near  the  middle  of  the  pier 
on  the  under  side,  causing  upward  deflection  at  the  middle. 

Longitudinal  seams  were  gradually  opened  by  pressures  above  90,000 
pounds  until  they  extended  from  end  to  end,  when  the  maximum  load 
was  reached.  Pressure  was  continued,  opening  the  longitudinal  seams 
i"  in  width,  the  load  which  the  pier  was  capable  of  sustaining  falling 
to  125,000  pounds,  when  the  test  was  discontinued. 


S.  Ex.  35- 


-8 


6  in/JZy  znc^  JBttJc^  pier. 


\ 

— J — ' — 

1 1 
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1^0.  335. 
S"xl2f'hriokpier. 

[Bailt  of  forty-nine  counea  of  Bay  State  brick,  laid  in  lime  mortar.  Composition  of  mortar,  one 
part  lime,  three  parte  sand.  Average  thickness  of  Joints,  i".  Joints  between  the  11th  and  12th, 
the  21st  and  22nd,  the  27th  and  28th,  the  33rd  and  34th»  and  the  40th  and  4l8t  courses  were  broken  in 
transportation.  The  first  three  were  r^oiaed  with  lime  mortar  and  the  last  two  wilh  plaster  of  paris. 
The  pier  was  tested  when  the  rejoined  courses  had  stood  one  day.    Age  when  tested,  24  months.] 


Total  weight  of  pier,  719  pounds. 
Weight  per  cubic  foot,  107  pounds. 
Total  height,  120f". 

Sectional  area,  8"  x  12"  =96  square  inches. 
Gauged  length,  10(K^ 


Applied  loads. 

Remarks. 

Total. 

Peraqoare 
inok. 

Pounds. 

Compres-          ^^^ 

Poundi. 
10,000 
15,000 
20,000 
26,000 
10,000 
30,000 
85,000 
40,000 
45^000 
60,000 
10,000 
66.000 
60.000 
65,000 
70,000 
75,000 
80,0C0 
90.200 

InehM. 
0. 

.0058 
.0166 

Inehei. 

' 

.0446 

.0278 

.0810 
.1081 
.1414 
.1876 
.2190 

Cracks  opened  in  22d  and  24th  conrses. 

Further  development  of  cracks  in  the 
vicinity  of  conrses  that  were  reijoined 
with  lime  mortar. 

Cracks  opened  in  the  88d,  84th,  and  35th 
conrses. 

.1655 

.2568 
.2950 
.8200 
.3756 
.4127 
.4505 

940 

Ultimate  strength. 

Failure  occurred  by  partially  crushing  the  bricks  of  the  courses  that 
had  been  rejoined  with  lime  mortar  and  by  opening  longitudinal  seams. 

The  end  having  the  courses  that  were  rejoined  with  plaster  of  paris 
was  less  injured. 


^^3: 


tT^ 


■W- 


jr^ 
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No.  333. 


12"X16"  hick  pier. 

[Built  of  forty-nine  oounea  of  Bay  State  briok,  laid  in  lime  mortar.  Composition  of  mortar,  one 
jMfft  lime,  three  parts  sand.  Average  thickness  of  Joints,  ^',  Joints  between  19th  and  20th,  and  83d 
and  34th  oonrses  w<ire  broken  in  transportation.  They  were  rejoined  with  plaster  of  pans.  Age 
when  tested,  twenty -fonr  months.] 


Total  weight  of  pier,  1,690  pounds. 
Weight  per  cubic  foot,  118.7  pounds. 
Total  height,  120J'^ 

Bectionai  area,  12"xl6"=192  square  inches. 
Gauged  length,  100''. 


Applied  loads. 

Compres- 
sion. 

Set 

Kemarks. 

Total. 

Per  square 
inch. 

Pounds. 
20,000 
80,000 
40,000 
50,000 
20,000 
60,000 
70,000 
80,000 
90,000 
100,000 
20,000 
110,000 
120,000 
130,000 
140,000 
148,000 

Pounds. 


Inches. 
0. 

.0054 
.0225 
.0621 

Inches. 

inolusive. 
Cracks  generally  developed   along   the 
middle  of  the  pier  on  one  16"  face. 

Ultimate  strength. 

.0440 

.0082" 

.1374 
.1824 
.2283 
.2726 



.2164 

.3178 
.8590 
.4034 
.4082 

773 

Failed  by  crushing  the  bricks  in  the  19th,  20th,  33d,  and  34th  courses, 
and  opening  longitudinal  seams  along  the  middle  part  of  the  pier. 

The  first  indications  of  failure  occurred  in  the  vicinity  of  the  plaster- 
of-paris  joints. 

Under  100,000  pounds  pressure  the  cracks  were  chiefly  developed  on 
one  of  the  16''  faces.  At  this  time  only  two  cracks  were  in  sight  on  the 
other  16"  face.  One  12"  face  had  one  crack,  and  the  other  had  none. 
Near  the  close  of  the  test  the  cracks  became  general  on  all  faces. 

The  test  was  discontinued  when  the  sustaining  power  of  the  pier  was 
reduced  to  135,000  pounds,  when  seams  J  inch  in  width  were  opened, 
and  the  length  of  pier  shortened  ".6. 
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Ko.  301. 

12"  hriok  pier. 


[Built  of  thirty  coanes  of  Bay  State  brick.  laid  in  a  mortar,  oompofl«d  of  two  parts  lime 

Srt  Roeendale  cement.    The  composition  or  lime  mortar,  one  part  lime,  three  parts  sam 
inlcnAaii  of  lolnte.  A,".     Aira  when  taatiMl.  twAntv  and  a  half  monfcluLl     • 


Src  xwsenaaie  cemenr.     xne  composmon  ox  iime  moruu*,  one  part  iin 
ickness  of  Joints,  A"*    -^K®  when  tested,  twenty  and  a  half  months.] 

Total  weight  of  pier,  740  pounds. 

Weight  per  cubic  foot,  120.6  pounds. 

Total  height  73|". 

Sectional  area,  12^'xl2''=144  square  inches. 

Gauged  length,  50'^ 


sand.    Average 


AppUed  loada. 

Compres- 
sion. 

Set. 

Remarks. 

Toud.  ;^"ar 

Pounds. 

10,000 

20,000 

80,000 

40.000 

60,000 

10,000 

00,000 

70,000 

80,000 

90,000 

100,000 

10,000 

100,000 

110,000 

Pmmdt. 

IneJut. 
0. 

.0016 
.0044 
.0077 
.0129 

Inehti, 

Cracks  opened  in  8d,  5th,  6th,  and  8th 
courses  fh>m  north  end ;  alio  in  8d  and 
5th  conrses  ftom  the  south  end  of  pier. 

Ultimate  strength. 

0.0027 

.0189 
.0242 
.0805 
.0867 
.0428 

.0129 

.0447 
.0501 
.0872 
.0637 
.0705 

120,000 
180,000 
140,000 
160,000 
10,000 
150.000 
100,000 
170. 000 
180.000 
287,000 



.0789 

.0284 

.0820 
.0880 
.0971 
.1043  ^ 

1,646 

Pier  failed  by  opening  longitudinal  seams. 
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ISo.  293. 
•  12"  hnok  pier, 

[Bnilt  of  thirty  oonnes  of  Bay  State  briok  laid  in  mortar,  composed  off^oneTpart  Rosendale  cement, 
two  parte  eand.    Average  thickness  of  Joints,  ^".    Age  when  tested,  twentyfmonths.] 


Total  weight  of  pier,  740  pounds. 
Weight  per  cubic  loot,  123  pounds. 
Total  height,  72J''. 

Sectional  area,  12''xl2"=144  square  inches. 
Gauged  length,  50". 


Applied  loads. 

Compres- 
sion. 

Set. 

Bemarks. 

Totol. 

Per  square 
inch. 

Pounds, 
10.000 
20,000 
30,000 
40,000 
50,000 
10,000 
60,000 

eo,ooo 

70,000 

80,000 

90,000 
100,000 

10,000 
100.000 
110,000 
120,000 
180.000 
140,000 
150,000 

10,000 
150.000 
100,000 
170,000 
180,000 
190,000 
200,000 

10,000 
200,000 
210.000 
220.000 
230,000 
240,900 
250.000 

10,000 
250,000 
200,000 

270,000 
284,000 

Pounds. 

Inehw, 

a 

.0014 
.0035 
.0058 
.0086 

Inches. 

Snapping  sounds,  hut  no  cracks  in  sight. 

Longitndinal  seams  opened  in  7th  and 
10th  courses  fh)m  the  north  end.  Cor- 
ner of  2d  course  ftom  south  end  flakes. 

Seams  opened  in  3d  to  7th  courses  inclu- 
sive, north  end.                                          i 

Ultimate  strength.                                        ! 

.0014 

.oooi 

.0116 
.0149 
.0182 
.0216 
.0249 

.0050 

/.0254 
.0279 
.0818 
.0353 
.0388 
.0431 

.0096 

.0443 
.0476 
.0515 
.0566 
.0621 
.0677 

.0185 

.0694- 
.0736 
.0783 
.0846 
.0918 
.9068 

.0307 

.1013 
.1075 

.1157 

1.972 

The  pressure  gradually  fell  from  the  highest  load  to  240,000  pounds, 
when  the  test  was  discontinued. 

The  pier  was  most  seriously  injured  from  the  middle  towards  the 
north  end.  Bricks  in  the  5th,  7th,  and  11th  courses  were  partially 
crashed. 
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No.  300. 

12>'^  brick  pier. 

[Built  of  thirty  oonnes  of  Bay  State  brick,  laid  in  a  mortar  composed  of  two  parts  lime  mortar,  oil« 
part  Portland  cement.  The  composition  of  the  lime  mortar,  one  part  lime,  three  parts  sand.  Avers^ge 
thickness  of  Joints,  ^".    Age  when  tested,  twdnty  and  a  half  months.] 


Total  weight  of  pier,  736  pounds. 
Weight  per  cubic  foot,  120.3  pounds. 
Total  height,  73f ''. 

Sectional  area,  12  x  12=144  square  inches. 
Gauged  length,  50''. 


...       _             _         _    — 
Applied  loads. 

Compres- 
sion. 

Set. 

Bemarks. 

Total. 

Per  sqnare 
inch. 

Pounds. 

10,000 

20,000 

30,000 

40,000 

60,000 

10, 000 

60,000 

70, 000 

80,000 

90,000 

100,000 

10,000 

110, 000 

120,000 

130,000 

140,000 

150,000 

10,000 

150,000 

160,000 

170,000 

180, 000 

Pounds. 

Inches. 
0. 

.0011 
.0045 
.0080 
.0148 

Inches. 

Cracks  opened  in  3d  course  Ax>m  north 
end ;  also  in  two  courses  near  middle  of 
pier. 

Longitudinal  seams  generally  developed 

near  each  end  of  pier. 
Ultimate  strength. 
Load  on  pier  when  test  was  discontinned. 

.0081 

.0203 
.0257 
.0312 
.0373 
.0425 

.'012«"' 

.0495 
.0542 
.0604 
.0660 
.0726 


.0262 

iiiii 

190,000 

203, 200 

1,411 

170,000 



Longitudinal  seams,  having  a  maximum  width  of  |''  at  the  middle  of 
the  pier,  opened  from  end  to  end,  separating  it  into  a  clustered  pier 
composed  of  nine  piers  of  half  bricks. 
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No.  294. 
12^'  brick  pier. 

[Built  of  twenty-nine  courses  of  Bay  State  brick,  laid  in  mortar  composed  of  one  part  Portland  cement^ 
two  parts  sand.    Average  thickness  of  joints,  ^",    Age  when  tested,  twenty  months.] 

Total  weight  of  pi^r,  724  pounds. 
Weight  per  cubic  foot,  119.7  pounds. 
Total  height,  72''.6. 

Sectional  area,  12x12=144  square  inches. 
Gauged  length,  50". 


Applied  loads. 


Total. 


Pounds. 

10, 000 

20,000 

90, 000 

40,000 

50,000 

10,000 

50,000 

60,000 

70,000 

80,000 

90.000 

100, 000 

10.000 

100,  000 

110,  000 

1?0.000 

rso,  ouu 
i4o,ooo 

150,000 
10, 000 
150,  000 
160,000 
170, 000 
180,000 
190, 000 
200, 000 
10,000 
200,  000 
210, 000 
220,000 
230,000 
240, 000 

258,000 
140,000 


';  Compres 


Per  square 
I      inc] 


r  square  i 
inch. 


Pound*. 


sion. 


Incket. 
0. 

.0009 
.0026 
.0049 
.0071 


Set. 


Inches. 


Remarlu. 


.0076 
.0102 
.0134 
.0169 
.0206 
.0247 


.0004 


.0256 
.0284 
.0324 
.0357 
.0404 
.0448 


.0103 


.0469 
.0504 
.0545 

.0590  1 

.0639  1  Sharp,  snapping  sounds;   no  cracks  in 

.0700  sight. 

1         .0200    I 

.0724  1 1 

.0768  , 

.  0821  , LoDgitndinal  seams  opened  in  2d,  4th,  and 


.0882 
.0932 


1,792 


6th  courses  from  south  end. 

.  General  development  of  seams  at  south 
end  of  pier. 

.  I  Ultimate  strength. 

.!  Load  sustained  when  test  was  discon- 
tinued. 


The  south  end  of  the  pier  was  most  injured  by  the  test.    Seams 
opened  on  each  face,  following  the  end  joints  of  the  bricks,  half  the 
length  of  the  pier,  then  taking  oblique  direction  to  the  corners  of  the' 
pier. 
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No.  290. 
12''  hriokpier. 

JBnilt  of  thirty  courses  of  Bay  State  brick,  laid  in  clear  Portland  oemenfc.    Average  thickness  of 
Jomts,  ^".    Age  when  tested,  nineteen  and  one-half  months.] 

Total  weight  of  pier,  760  pounds. 
Weight  per  cubic  foot,  126.6  pounds. 
Total  height,  72". 

Sectional  area,  12"xl2"=144  square  inches. 
Gauged  length,  60'^ 


Applied  loads. 

1 

Totol. 

Per  square 
inch. 

Poundt. 

Comp««.          s,,. 

Remarks. 

Potiiuft. 

10,000 

20,000 

80,000 

40.000 

50,000 

60,000 

70,000 

80,000 

90,000 

100,000 

10,000 

100.000 

110,000 

120,000 

130,000 

140,000 

150,000 

160,000 

170,000 

180.000 

190,000 

200,000 

IP.  000 

200,000 

210,000 

Inch. 

0. 

.0000 
.0015 
.0037 
.0060 
.0085 
.0112 
.0140 
.0165 
.0192 

Ineh. 

1 

Cracks  opened  in  eleventh  and  fifteenth    1 
courses.    End  course  begins  to  flake. 

Seam  opened  through  seven  courses  along 

the  middle  of  thelieight  of  the  pier.          1 
intimate  strength.                                         . 

-wOOOS 

.0192 
.0217 
.0288 
.0260 
.0288 
.0317 
.0852 
.0880 
.0412 
.0441 
.0477 

.0054 

.0405 
.0521 
.0548 
.0677 
.0607 
.0641 
.0680 
.0710 
.0743 
.0790 
.0851 

220.000 
230,000 
240,000 
250,000 

260  000 

270,000 
280,000 
290,000 
800.000 
10,000 
800,000 

842.000 

.0183 

.0875 

2.875 

Load  sustained  when  test  was  discontinued,  300,000  pounds. 
'     Longitudinal  seams  opened. 

Bricks  in  the  2d,  3d,  4th,  5th,  and  8th  courses  were  crushed;  those  of 
the  other  courses  were  split  into  halves  generally,  the  fragments  of 
which  were  apparently  as  hard  as  before  the  test. 


DIAGRAMS 


8HOWIXO  THB 


COMPRESSION  OF  MORTAR  CUBES 
AND  BRICK  PIERS. 
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3 COKPBSSSIOV  OF  CUBES  AHB  PSISMS  OF  CEXEHT,  MOBTABS, 

AHD  COHCBETES. 

[Specimens  famished  by  Q.  A.  Gillmore,  Lieutenant-Colonel  Engineer  Corps,  U.  S.  Army. J 

COMPRESSION  OF  CUBES  AND  PBISMS  MADE  OF  DYCKERHOFF*S  PORT- 
LAND CEMENT,  NEWARK  COMPANY'S  ROSENDALE  CEMENT,  NORTON'S 
CEMENT,  NATIONAL  PORTLAND  CEMENT,  ALSO  HA VERSTR AW  FREE- 
STONE, KAN  A  WHA  STONE,  AND  BRICK  PIERS, 

Dyckerhoflfs  Portland  cement  was  tested  in  neat  cement  cubes  and 
prisms,  in  sizes  from  1"  to  12''. 

The  other  brands  of  cements  were  tested  in  mortar  and  concrete  cubes, 
in  sizes  from  2''  to  18''. 

The  Haverstraw  freestone  cubes  and  prisms  ranged  from  1"  to  12". 

There  were  three  2"  cubes  of  Kanawha  stone,  and  six  12"  brick  piers 
2'  high. 

The  preparation  of  the  cement,  mortar,  and  concrete  blocks  is  thus 
described  by  J.  L.  Suess,  assistant  engineer,  to  Colonel  Gillmore: 

The  conorete  blocks  were  made  by  first  mixinc  a  stiflF  mortar  of  the  requisite  pro- 
portions of  cement  and  sand,  and  adding  the  broken  stone  of  nut  size,  and  the  gravel, 
haying  if  needed  dampened  them  by  sprinkling,  using  as  little  water  as  possible. 
The  quantity  mixed  at  a  time  was  about  sufficient  to  fill  one  of  the  largest  molds,  or 
about  2i  cubic  feet. 

For  the  mortar  blocks  the  material  was  made  as  dry  as  possible  and  in  volume  suffi- 
cient to  fill  two  of  the  largest  molds— say  about  4  cubic  feet.  JFor  the  smaller  blocks 
less  material  was  ])repared  at  a  time,  there  not  being  a  sufficient  number  of  molds. 

The  molds  were  pine  boxes  without  top  or  bottom,  grooved  together  at  the  ends, 
and  secured  by  bolts  passing  through  the  sides  beyond  the  ends.  The  bottom  was 
formed  by  i>laciug  the  mold  upon  a  Hmooth  blnestone  flag;  the  same,  as  well  as  the 
inside  of  the  box,  had  been  previously  well  greased  to  prevent  adhesion. 

The  ramming  was  done  with  an  iron  rammer  weighing  about  8  pounds.  It  had  a 
conical  point,  and  was  about  2'  long  and  V  in  diameter.  For  the  smaller  blocks  a 
lighter  rammer  was  used. 

The  blocks  were  removed  from  the  molds  as  soon  as  practicable;  the  small  ones 
almost  immediately  and  the  largest  within  twelve  hours.  They  were  buried  in  sand 
as  soon  as  taken  from  the  mold  as  a  precaution  against  frost,  the  weather  being  very 
severe.    (January,  1880,  and  January,  1882.) 

The  Dyckerhoif  cement  blocks  were  treated  the  same  as  the  others,  with  the  excep- 
tion that  they  were  tamped  in  filling  the  blocks.  The  hammer  used  for  this  purpose 
weighed  about  four  pounds,  and  the  follower  was  a  small  piece  of  hard  wood. 

MANNER  OF  TESTING. 

The  testing  was  done  between  flat  steel  platforms.  In  some  cases 
the  tests  were  made  with  the  bed  surfaces  of  the  specimens  in  the  con- 
dition they  were  received  at  the  arsenal,  which  were  good  bearing  sur- 
faces, although  not  true  planes.  In  other  cases  pine  cushions  were 
employed  to  efl'ect  a  more  even  distribution  of  the  loads,  or  a  facing  of 
plaster-of-paris  was  used.  The  latter  method  of  truing  the  bed  surfaces 
proved,  on  the  whole,  the  most  satisfactory. 

The  thickness  of  plaster  recorded  in  the  tabulation  and  details  of  the 
tests  is  the  total  thickness  of  plaster  on  both  compressed  surfaces,  or 
the  difference  in  height  before  and  after  facing. 
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Compression  measurements  were  taken  of  cubes  8  inches  and  larger 
when  faced  with  plaster-of-paris,  measuring  from  face  to  face  of  the 
compression  platforms. 

Some  of  the  neat  cement  prisms  and  Haverstraw  freestone  cubes 
possessed  a  strength,  when  taken  singly,  in  excess  of  the  capacity  of 
the  testing-machine ;  these  were  crushed  in  the  form  of  piers. 


CRUSHING  STRENGTH  OF  NEAT  CEMENT  CUBES  AND  PRISMS. 


[Dyckerhoff*s  Portland  cement,  Amoneburg  on  the  Rhine,  Germany.] 

The  age  of  the  cement  when  tested  was  about  twenty -two  months. 

Cubes  V^j  11'',  and  12"  on  a  side  were  faced  with  plaster-of-paris. 
Intermediate  sizes  were  tested  between  the  steel  platforms  withoat 
plaster,  with  the  exception  of  2''  cube  No.  18a  and  3"  cube  No.  23a. 

All  of  the  prisms  had  plastered  faces. 

The  cubes  generally  failed  by  splitting  off  the  sides,  the  remaining 
portions  forming  two  pyramids  or  cones,  their  apices  facing  and  their 
bases  formed  by  the  two  bed  surfaces.  There  was  occasionally  a  tend- 
ency to  develop  cones  with  the  apices  overlapping  each  other. 

The  prisms  failed  in  a  similar  manner  by  splitting  off  the  sides,  but 
instead  of  the  full  pyramidal  development  the  principal  fragments  were 
truncated. 

Before  final  fracture  occurred  snapping  sounds  were  heard,  and  cracks 
were  exposed  to  view  on  the  sides  of  the  specimens. 

The  average  resistance  of  the  different  sizes  of  cubes  and  prisms  are 
as  follows: 


Cubes. 


Priams. 


Nominal  dlmen> 
Bions. 


Average     \     j^omlnal     I     AT«™S« 
resistance  per,  dimensions,   resistenceper 
square  inch.     «•»"""«»»""•»•  .  square  Inch. 


1-inoh  cube 
2-inGh  cube 
Sinch  cube 
4-inGh  cube 
6inch  cube 
6-inoh  cube 
7-inch  cube 
8-inch  cube 
9-inch  cube 
10-inch  cube 
11-inch  cube 
12-inch  cube 


PountU. 
6,895 
7,053 
5.892 
4, 859 
4,611 
4,272 
4,987 
4,865 
4,745 
4,761 
5,381 
5.435 


Inches.  Pmmdg, 

4X4X1  16,460 

4X4X2  1  6,370 

4X4X3  j  6,005 


8X8X2 

8X8X3 
8X8X4 
8X8X5 
8X8X6 


*9,885 
10,664 

6,168 
5,952 
6,020 
5,771 


*  Includes  broken  si>eclmen. 

Two  of  the  12''  cubes  did  not  fracture  under  800,000  pounds  out  of 
six  that  were  tested. 

The  first  in  order  of  strength  of  the  cubes  are  the  2''.  The  resist- 
ance decreases  as  the  size  increases,  till  the  6"  cubes  are  reached,  which 
are  the  weakest  of  the  series.  Then  the  strength  is  advanced  in  the 
7"  cubes  and  again  falls  oft'  for  the  succeeding  ones,  till  the  11"  cubes 
are  reached.  This  latter  size  and  the  12''  cubes  have  plastered  ends, 
which  probably  raised  their  general  average. 

Tests  18a  and  23a  show  such  was  the  effect  of  plastered  ends  for  the 
2"  and  3"  cubes. 
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The  1"  cubes  are  auomalous  in  showing  less  lesistance  than  the 
larger  sizes,  as  they  had  plastered  faces,  and,  further,  the  strengthen- 
iDg  influence  of  the  steel  platforms  would  contribute  more  to  their 
strength  relatively  than  for  the  larger  blocks. 

The  strength  of  the  prisms  is  largely  in  favor  of  the  shortest  of  the 
series,  and  abruptly  changes  with  an  increase  in  height  from  1"  to  2" 
iu  the  i!'x4t!^  prisms,  or  from  2"  to  3''  in  the  8"x8"  prisms.  After  this 
the  changes  of  resistance  are  more  gradual. 

The  12''xl2''  prisms  were  tested  iu  the  form  of  piers,  as  it  was  evi- 
dent from  the  preceding  tests  of  12"  cubes  that  their  strength  taken 
singly  would  exceed  the  capacity  of  the  testing-machine. 

The  12"xl2''x2"  prisms  were  treated  as  a  pier,  sustaining  the  full 
capacity  of  the  testing-machine,  after  which,  when  tested  with  a  10'' 
cube  of  Haverstraw  freestone,  the  combination  failed  under  654,000 
pounds,  or  6,566  pounds  per  square  inch  on  the  surface  of  the  freestone. 

The  strengths  of  the  other  piers  were  as  follows : 


Dimensious 

of  piiBms 

comprisiDg 

pier. 

Resistance 

per 
square  inch. 

12X12X4 
12X12X6 
12X12X8 

1 

Pound: 
4,585 
4.821 
4,496 
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Neat  cement  cubee. 
IDyokerhoflTs  Portland  eement.] 

No.  49. 
Length,  1"M. 

Compressed  surface,  8".03x8'M0=66.04  square  inches. 
Weight,  37i  pounds. 


Applied  loada.  ' 

Compres- 
sion. 

Set. 

Remarks. 

■ 

TotoL 

Persqnare 
inch. 

Poundt. 
6,000 
10.000 
20,000 
80,000 
40,000 
60.000 
00,000 
70,000 
80,000 
90,000 
100,000 
6,000 
100,000 
120,000 
140,000 
180,000 
180,000 
200,000 
6,000 
200.000 
220,000 
238,000 
240,000 
280,000 
280,000 
288,800 
301,100 

P<mnd». 

IfUik. 

0. 

.0020 
.8040 
.0080 
.0075 
.0090 
.0102 
.0110 
.0122 
.0180 
.0141 

Ineh, 

% 

First  oracli. 
intimate  strength. 

.0060 

.0142 
.0180 
.0180 
0196 
.0210 
.0280 

.0070 

.0240 
.0265 

.0280 
.0800 
.0330 
.0850 

4,629 
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No.  50. 
Length,  8''. 

Compressed  snrfoce,  8^^03x8.^^06=64.64  sqaare  inches. 
Weight,  37J  pounds. 


AppUed  loads. 

CompiM- 
sion. 

Set. 

BemarkB. 

Total. 

Peraoiiaro 

Poumit, 

5.000 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

5,000 

lOQl^OOO 

1207000 

140,000 

100,000 

180;  000 

200,000 

5,000 

180.000 

200,000 

220,000 

240,000 

200,000 

280.000 

285,000 

289,000 

204.100 

Poimdt. 

Inch. 

0. 

.0010 
.0020 
.0045 
.0005 
.0082 
.0100 

Inch. 

Corner  cracked. 

• 

Bapld  yielding  and  splitting  up  of  onbe. 
intimate  strength. 

.0010 

.0100 

.0118 
.0133 
.0150 
.0166 
.0182 

.0026 

•••* 

.0190 
.0207 
.0227 
.0260 
.0282 
.0296 

4,660 

134      TESTS   OF   IRON  AND   STEEL   AND   OTHEB  MATERIALS. 


No.  61. 
Length,  8''.04. 

Oompressed  sar&oe,  8^^04x8^' =64.32  sqaare  inches. 
Weight,  39  pounds. 


Applied  loads. 

Compres- 
sion. 

Bemarks. 

TotaL 

Per  square 
inch. 

Set. 

• 

Paundt. 

5,000 

10,000 

20,000 

40,000 

60^000 

80,000 

100.000 

5,000 

100,000 

120,000 

140,000 

180,000 

180,000 

200,000 

5,000 

200,000 

.220,000 

240,000 

260.000 

280,000 

285,000 

290,000 

205,000 

800,000 

305,000 

810,000 

315,000 

320.000 

826.000 

830,000 

885.000 

840,000 

845,000 

350.000 

355,000 

858,000 

360,000 

Poundt. 

Inek. 

0. 

.0005 
.0020 
.0040 
.0062 
.0077 
.0090 

Inch. 

Begins  to  shell  off. 
XTltimate  strength. 

.0616' 

.0002 
.0105 
.0120 
.0180 
.0145 
.0160 

.0020 

.0160 
.0176 
.0190 
.0203 
.0228 
.0230 
.0289 
.0244 
.0250 
.0256 
.0260 
.0264 
.0270 
.0280 
.0288 
.0292 
.0300 
.0805 
.0810 

.0335 

6,6W 
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No.  52. 


Length,  8''.02. 

Compressed  surface,  7^^98x  8^^03=64.08  sqaare  inches.  « 

Weight,  38  pounds. 


AppUed  loud*. 

Compree- 
alon. 

TotaL 

Per  sqaare 

Set. 

Reautrks. 

Poimdf. 

5,000 

10.000 

20,000 

40,000 

60,000 

80,000 

100,000 

6,000 

100,000 

120,000 

140,000 

100,000 

180,000 

200.000 

5.000 

200,000 

220.000 

240,000 

280,000 

280,000 

208.000 

29«,200 

PoWMif. 

Ineh. 

0. 

.0010 
.0025 
.0048 
.0065 
.0080 
.0090 

Jna. 

Oraoks  at  one  comer. 
Ultimate  strength. 

.0015 

.0100 
.0114 
.0190 
.0144 
.0160 
.0178 

.0027 

.0180 
.0198 
.0213 
.0288 
.  0262 
.0213 

.    . 

4.600 
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No.  53. 
Length,  S^'.OO 

Compressed  surface,  8^^00k8'^04s=64.32  square  inches. 
Weight,  38  pounds. 
Gomers  did  not  take  fall  bearing. 


Applied  loMls. 

Oompreo. 
aion. 

Set 

1 

Total. 

Per  tquare 
InoL. 

Remarks.                            \ 

Pound*. 

5,000 

10,000 

20,000 

Potmdt. 

Inch, 

0. 

.0010 
.0028 
.0050 
.0087 
.0082 
.0008 

Inch. 

40,000 
80,000 
80,000 
100,000 
5,000 
100,000 
120,000 



.0012 

.0100 
.0112 
.0127 
.0140 
.0153 
.0171 

140,000 
180,000 
180,000 

::!;;::::::: 

200,000 
6,000 
200,000 
220.000 
240,000 
280,000 
280,000 
800.000 
804,000 
310,000 
888,000 

'.'.['.'.'.'.'.'.'.'.'. 

.0021 

.0172 
.0180 
.0205 
.0224 
.0242 
.0270 

1 

\ 

Cmoked. 

Ultimate  strength. 

.0290 

5,255 
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No.U. 
Length,  ^'.04. 

Oompressed  sarface,  9^^05x9^^01=81.54  sqaare  inches. 
Weight,  56  poands. 

Oomers  did  not  come  to  fall  bearing;  ".02  brass  nsed  under  one 
corner,  and  ^^01^  under  another  corner. 


Compres* 

SiOD. 

8«t. 

Remarks. 

Total. 

PersqniiTe 
inoii. 

Poundt. 

5,000 

10,000 

20.000 

40,000 

60,000 

80,000 

100,000 

5,000 

100,000 

120,000 

140,000 

160,000 

180,000 

200,000 

5,000 

200,000 

220,000 

240,000 

260.000 

280,000 

800,000 

5,000 

300, 000 

*820,000 

340,000 

845,000 

860.000 

878,000 

Poundt. 

Inoh. 

0. 

.0012 
.0082 
.0068 
.0000 
.0110 
.0122 

Ineh. 

Began  to  crack. 
UlUmate  strength. 

.0022 

.0135 
.0140 
.0154 
.0168 
.0180 
.0191 

.0032 

.0102 
.0205 
.0219 
.0230 
.0244 
.0260 

.0050 

.0265 
.0280 
.0292 

.0325 

' 

4,574 
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No.  66. 
Length,  9''.05. 

Compressed  sarfaoe,  9^^02x9^M2=s82.26  square  inches. 
Weight,  56  pounds. 
Compression  faces  not  flat;  '^00}  convex. 


AppU«dlo«da. 

Compret- 
•ton. 

Set. 

Remarks. 

ToUL 

Pertquare 

Pounds. 
5,000 
10,000 
20.000 
40,000 
80,000 
80.000 
100,000 
5.000 
100,000 
140,000 
180,000 
200,000 
5,000 
200,000 
240,000 
280.000 
300.000 
6,000 
800,000 
820,000 
827,000 
880.000 
340,000 
850.000 
860,000 
878,800 

Foundt. 

Inch. 

0. 

.0017 
.0088 
.0072 
.0102 
.0125 
.0145 

JfMft. 

Corner  oraoked  off. 

Fragmente  oontiiiaod  to  fly  off 
Ult&aate  strength. 



.0020 

.0150 
.0181 
.0210 
.0222 

.0080 

.0294 
.0245 
.0270 
.0280 



.0048 

.0282 
.0286 

.0802 
.0800 
.0815 
.0620 

4,688 

PHOTOGRAPH  OF  PYBAMID,  FROM  CUBE  OF  NEAT  CEMENT 
No.  56,  AFTER  THE  TEST. 


S.  £x.  35,  49,  I. 
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No.  66. 
Length,  8''.99. 

Gompressed  surface,  9^^00x9'^00=81.00  square  inches. 
Weight,  55  pounds. 


Appltod  loads. 

Compres- 
sion. 

Set. 

Bemarks. 

TotaL 

Per  square 
inch. 

Poitndt. 

5,000 

10.000 

20,000 

40,000 

80,000 

80,000 

100.000 

5,000 

100,000 

140,000 

180,000 

200,000 

5.000 

200,000 

240.000 

280,000 

800.000 

5,000 

800,000 

880.000 

850,000 

886.400 

896,000 

Poimdt. 

Inek. 
0. 
.0012 

JfWh, 

Coiner  oraoked  off. 

Sadden  yielding. 
Ultimate  strength. 

.0036 
.0068 
.0082 
.0100 
.0117 

.0015 

.0120 
.0150 
.0177 
.0190 

.0080 

.0191 
.0215 
.0243 
.0269 

.0060 

.0262 
.0285 
.0880 

4,888 

No.  67. 
Length,  9''.a5. 

Gompressed  surface,  9^^02x9^^04=81.54  square  inches. 
Weight,  56^  pounds. 


Applied  loads. 

Compres- 
sion. 

Set. 

Bemarks. 

Total. 

Persqiiare 
inSh. 

PoufMto. 

5,000 

10,000 

20,000  . 

40.000 

60,000 

80,000 

100.000 

5.000 

100,000 

140.000 

180.000 

200,000 

6,000 

200,000 

240.000 

280.000 

800,000 

5,000 

800,000 

340.000 

370,000 

380.000 

880,000 

Pofmd*. 

Inch. 

0. 

.0006 
.0011 
.0080 
.0041 
.0056 
.0070 

Inek. 

Cracks  in  sight. 
Ultimate  strength. 

.0010 

.0071 
.0004 
.0120 
.0182 

.0015 

.0186 
.0160 
.0182 
.0202 

.0030 

.0210 
.0240 
.0878 
.0888 
.0295 



4.788- 

Burst  into  fragments  suddenly  under  the  maximum  load. 
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No.  58. 
Length,  ^'.03. 

Compressed  surface,  9''.07x9''.00=81.63  square  inches. 
Weight,  56  pounds. 


AppUedlMMls. 

CompiM- 
sion. 

Set 

Bemarks. 

Total. 

Pertqaare 

Pounds. 

6^000 

10,000 

20,000   . 

40,000 

60.000 

80,000 

100,000 

5,000 

100,000 

140,000 

180,000 

200,000 

5.000 

200.000 

240,000 

Pounds. 

Inch, 

0. 

.0020 
.0080 
.0062 
.0070 
.0081 
.0005 

Inch, 

Began  to  crack. 
Ulfimate  streiifrth. 

.0020 

.0006 
.0120 
.0142 
.0155 

.0080 

.0155 
.0178 
.0200 
.0212 

280,000 



800,000 

^000 
800,000 
840,000 
870,000 
880,000 
890,000 
400,000 
458.600 
468,200 

.0040 

.0215 
.0240 
.0260 
.0270 
.0275 
.0284 

5,736 

No.  59. 
Length,  8''.98. 

Compressed  surface,  9''.05x9'M0=82.35  square  inches. 
Weight,  65J  pounds. 
Compression  faces  convex,  C.OOJ. 


^ppUed  loads. 

Comprea- 
aion. 

Bet. 

Remarks. 

Total. 

Per  SQoare 

Pounds. 

5,000 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

5,000 

100,000 

140.000 

180.000 

200.000 

5.000 

200,000 

240,000 

280,000 

800.000 

5.000 

800,000 

810,000 

825,200 

Pounds. 

Insh. 
0. 

Insh. 

Cracked  at  180,000  pounds. 
XJltimate  strength. 

.0010 
.0080 
.0052 
.0071 
.0090 
.0108 

.0020 

.0110 
.0142 
.0172 
.0180 

.0045 

".*oii2 

.0220 
.0258 
.0282 

.0081 

.0808 
.0828 

8,948 
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No.  60. 
Length,  9".97. 

Oompressed  surface,  l(K^08xl(K^05=:101.30  square  inches. 
Weight,  75^  pounds. 
One  compression  face  convex,  ^^01. 


Applied  loads. 

Compres- 
tion. 

Set. 

Bemarka. 

TotaL 

PerMUAre 
inch. 

Pound*. 
6.000 
10.000 
20,000 
40,000 
60,000 
80,000 
100,000 
5,000 
100,000 
140.000 
180,000 
200,000 
6,000 
200,000 
240,000 
280,000 
300.000 
5,000 
300,000 
818.000 
820,000 
340.000 
357.000 
895,300 

P<mnd$. 

0. 

.0018 
.0040 
.0070 
.0090 
.0110 
.0120 

JimA. 

Cracked. 

.0022 

.6120 
.0145 
.0170 
.0180 

.0040 

.0180 
.0200 
.0221 
.0235 

.0060 

.0288 

.0253 
.0267 
.0282 

8,902 
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No.  61. 
Length,  IC'.OO. 

OompreRsed  sarface,  l(y^02xl0^^00=:100.20  sqaare  inches. 
Weight,  76J  poands. 
Good  bearings. 


Applied  loads. 

Bemarkt. 

Total. 

Per  aqnttre 
inck. 

1 

Poundt. 

5,000 
10,  (KM) 
20,000 
40.000 
60.000 
80,000 
100,000 

6.000 
100,000 
140,000 
lt»0,000 
200,000 

5,000 
200,000 
'i40,000 
280,000 
800,000 

5,000 
300,000 
840,000 
880,000 
400,000 

5,000 
400,000 
440,000 
400,000 
470,000 
480.000 
540,000 
587,100 

P<mnd9. 

Inch. 

0. 

.0008 
.0010 
.0022 
.0081 
.0040 

iMh. 

Cement  oraoked. 
Ultimate  atrength. 



.0050 

.'ooio 

.0052 
.0072 
.0088 

.0008 

.0010 

.0090 
.0115 
.0182 
.0145 

.0015 

.0145 
.0100 
.0180 
.0192 

.0020 

.0192 
.0218 
.0280 
.0240 
.0250 

<"• 

f,tsa 
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No.  62. 
Length,  l(y'.00. 

Oompressed  surface,  l(y^09x  10^^04=101.30  square  inches. 
Weight,  76^  pounds. 


Applied  loadt. 

Compres- 
aion. 

Set. 

Senmrkt. 

Total. 

Per  sqnare 
inch. 

Founds, 

5.000 

10.000 

20.000 

,F<nmd$, 

Ineh, 

0. 

.0008 
.0042 
.0075 

Ineh. 

One  edge  sheUed  off. 

40,000 

60,000 
80,000 
100,000 

5.000 
100,000 
140,000 
180.000 
200,000 

6,000 
200.000 
240,000 
280,000 
800,000 

5,000 
800,000 
340.000 
380,000 

5|000 
400,000 
440,000 

619;  000 

.0100 
.0115 
.0128 

" 



.0025 

.0128 
.0148 

.0106 
.0174 

.0035 

.0176 
.0190 
.0210 
.0220 

.0048 

.0220 
.0240 
.0200 
.0270 

.0071 

.0276 
.0288 
.0306 

6,123 

No.  63. 
Length,  10''.01. 

Compressed  surface,  lO^'.OSxlO'MOslOl.SO  square  inches. 
Weight,  77  pounds.  ' 

One  face  '^OOJ  convex. 


Applied  loAds. 

Comprae. 
aion. 

Set.' 

Remarka. 

ToUL 

Per  sqiiAre 
inoh. 

Pounde. 

5.000 

10,000 

20.000 

40,000 

00.000 

80,000 

100.000 

5,000 

100,000 

140,000 

180,000 

200,000 

5,000 

200,000 

240,000 

280.000 

800,000 

5,000 

800.000 

820,000 

430,100 

Poundt. 

Ineh. 

0. 

.0012 
.0030 
.0002 
.0084 
.0103 
.0120 

Ineh, 

Longitudinal  orack  in  sight 
Ultimate  atrength. 

.ooio 

.6i20 
.0148 
.0168 
.0180 

.0020 

.0182 
.0202 

.0238 

.0041 

.0252 
.0278 

4,226 
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No.  64. 
Length,  IC'.OO. 

Compressed  sarface,  10^^00x10^^05=100.50  square  inches. 
Weight,  76  pounds. 


Comprst- 
don. 

Set. 

Bamarka. 

t 

P&undM, 

6^000 

10,000 

20,000 

40.000 

80,000 

80,000 

100,000 

6,000 

100,000 

140,000 

180,000 

200,000 

6.000 

200.000 

240.000 

242.000 

280.000 

800.000 

5,000 

300,000 

840,000 

880,000 

400,000 

6.000 

400,000 

478,400 

Powndt. 

Inch. 

0. 

.0008 
.0020 
.0042 
.0082 
.0075 
.0000 

Inch. 

Cracked  lower  aarfhoe. 
Ultimate  atrength. 

.0010 

.0000 
.0118 
.0140 
.0150 

.0020 

.0150 
.0172 

.0202 
.0218 

.0032 

.0220 
.0242 
.0272 
.0290 

.0080 

.0800 

4,710 
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So.  65. 
Length,  9".99. 

Compressed  sarface,  ICK'^Ol  x  W.i^^lOO.W  sqaare  inches. 
Weight,  76^  pounds. 


Applied  londa. 

Compres- 
aion. 

Set. 

Bemarks. 

Total. 

PersqoAre 
inoh.  ' 

Pounds. 
5.000 
10,000 
20,000 
40.000 
80,000 
80,000 
100,000 
6.000 
100,000 
140,000 
180,000 
200,000 
5,000 
200,000 
240.000 
280,  COO 
800,000 
5,000 
800,000 
840,000 
880,000 

5;  000 
400,000 
420,000 
440,000 
480,000 
472,000 
477,600 

Poundt. 

Ineh. 

0. 

.0010 
.0020 
.0040 
.0058 
.0066 
.0078 

Jneh. 

Ultimate  strength. 

.0010 

.0080 
.0108 
.0180 
.0140 

.0015 

.0140 
.0160 
.0180 
.0188 

.0025 

.0198 
.0220 
.0245 
.0260 

.0042 

'  .0265 
.0280 
.0290 
.0804 
.0820 

4,747 

S.  Ex.  35 10 
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No.  66. 

Length,  ir'.OO. 

Oompressed  sarflEU^,  lP^00xirM5s=  122.65  square  inches. 

Weight,  101  pounds. 


AppHed  loads. 

Compres- 
sion. 

Set. 

Kemarks. 

Total. 

Per  square 
Inch. 

Poufidi, 

6,000 

10,000 

20.000 

40,000 

60,000 

80.000 

100,000 

6,000 

100,000 

140,000 

180,000 

200,000 

6,000 

200,000 

240.000 

280,000 

800,000 

6,000 

800,000 

840,000 

880,000 

400,000 

6^000 

400,000 

480i000 
600,000 
6,000 
600,000 
610.000 
620,000 
680,000 

6O1I2OO 

Pounds, 

Ineh. 

0. 

.0006 
.0020 
.0036 
.0048 
.0060 

Inch. 

Cement  oraoked. 

.0070 

.0008 

.0070 
.0002 
.0110 
.0120 

.-    .. 

.0013 

.0122 
.0141 
.0160 
.0175 

.0020 

.0176 
.0200 
.0220 
.0235 

.0082 



.0240 
.0260 
.0290 
.0308 

.0062 

. 

.0818 
.0824 
.0882 
.0340 
.0860 

4,820 
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No.  67. 

Length,  11".00. 

Compressed  surface,  ll''.00xl(K'.97=120.67  square  inches. 

Weight,  100  pounds. 

Total  thickness  of  plaster,  '^03. 

This  and  the  following  cnbet  were  plasteied  on  eampreaaed  sorfMee. 


Applied  loads. 

Compres- 
sion. 

Set. 

Remarks. 
Comers  oraoked. 

Tot«L 

Personare 
Pounds. 

Powtdt. 

5,000 

10.000 

20,000 

40.000 

80,000 

100,000 

5.000 

100,000 

140,000 

180,000 

200.000 

5.000 

MOIOOO 
280,000 
800,000 

5,000 
800,000 
840.000 
880,000 
400,000 

5,000 
400,000 
440,000 
480,000 
500,000 

6,000 
500,000 
510,000 
520,000 
530,000 
540,000 
550,000 
660,000 
570,000 
580.000 
600.000 
600,000 
610.000 
620,000 
680,000 
638,000 

Ineh. 

0. 

.0008 
.0022 
.0042 
.0066 
.0078 

Inch, 

.0020 

.0078 
.0000 
.0110 
.0120 

.0081 

.0i20 
.0188 
.0155 
.0165 

*"*•  r 

.'ooio' 

.0168 
.0188 
.0210 
.0220 

.0058 

.0222 
.0248 
.0270 
.0288 

.0078 

.0292 
.0802 
.0812 
.0320 
.0825 
.0880 
.0388 
.0850 
.0858 
.0870 
.0879 
.0890 
.0402 
.0415 
.0480 

5.246 
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No.  68. 
Length,  11''.00. 

Compressed  surface,  11''.  (K)xll'M8= 122.98  square  inches. 
Weight,  lOlJ  pounds. 
Total  thickness  of  plaster,  ''.02. 


AppUedlonda. 

Conipn*. 

SlOD. 

Set; 

Btmarkt. 

TotaL 

Persqiiftre 
iDdi. 

PoiMMif. 
5.000 
10,000 
20,000 
40,000 
80.000 
100.000 
6,000 
100,000 

5;  000 
200,000 
800.000 

5.000 

400|000 
5.000 
44W.OOO 
600.000 
5,000 
600.000 
520.000 
640,000 

570!  000 
580,000 
600,000 
000,000 
010,000 
020.000 
080,000 
640,000 
060,000 
000,000 
•70.000 
080,000 
000.000 
700,000 
725,100 

POUfUli. 

Ineh, 

0. 

.0005 
.0015 
.0080 
.0060 
.0008 

Inch. 

Tntlmmtettnagtli. 

.0010 

.0002 
.0112 

.0019 

.oiio 

.0100 

.0025 

.0182 
.0220 

**  ".im" 

.0226 
.0285 

.'0060"* 

.0290 
.0802 
.0820 
.0888 
.0848 
.0862 
.0802 
.0872 
.0880 
.0887 
.0896 
.0405 
.0422 
.0428 
.0440 
.0400 
.0470 
.0480 

5,880 

TESTS   OF   IBON   AND   STEEL   AND   OTHEB   MATERIALS.      149 


No.  69. 
LeDgth,  11".00. 

Gompresned  surface,  1^^03xll''•21s:123.65  square  inches. 
Weight,  101^  pounds. 
Total  thickness  of  plaster,  ''.02. 


Applied  loMiB. 

Compres- 
sion. 

Set. 

Bemarks. 

Total. 

Persqvftre 
Inolu 

Potmcto. 

6,000 
10,000 
20,000 
40,000 
80,000 
100,000 

5,000 
100,000 
200,000 

5.000 
200,000 
800,000 

5,000 
800.000 
400,000 

5,000 
400,000 
500.000 

5,000 
600.000 
620,000 
630,000 
640,000 
550,000 
560,000 
570. 000 
680,000 
590,000 
600,000 
620.000 
640,000 
660.000 
674,000 

Foundi. 

0. 

.0002 
.0010 
.0020 
.0040 
.0048 

Ineh. 

Cracks  at  528,000  poauds  pressure, 
intimate  strength. 

.0010 

.0060 
.0090 

.0018 

.0000 
.0185 

.0020 

.0188 
.0182 

.0080 

.0186 
.0240 

.0040 

.0250 
.0250 
.0272 
.0282 
.0290 
.0202 
.0300 

.0308 
.0315 
.0320 
.0340 
.0366 
.0890 
.0415 

'.".'.'.'.'.".'". 

5,451 
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No.  70. 
Length,  10''.99. 

Compressed  surface,  ll''.02xll''.21= 123.53  square  inches. 
Weight,  101  pounds, 
total  thickness  of  plaster,  ".03. 


AppUed  loads. 

ComprM- 
•ioo. 

Bet. 

Bemarks. 

Total. 

Per  aoaare 

Ptoutult. 

5.000 

10,000 

20,000 

40,000 

80,000 

100,000 

5,000 

100.000 

200.000 

6,000 

sooiooo 

6.000 
300.000 
400,000 

6.000 
400.000 
500.000 

6.000 
600.000 
610.000 
620,000 
540,000 
660,000 
680.000 
600,000 
620.000 
640.000 
660,000 
680,000 
600,200 

Poundf. 

Jneh. 

0. 

.0008 
.0018 
.0028 
.0045 
.0062 

IfUh. 

Craoks  in  Bight. 
Ultimate  Atrength. 

.0010 

.0060 
.0096 

.0018 

.0097 
.0140 

.0026 

.0140 
.0190 

.0032 

.0190 
.0260 

.0049 

.0^68 
.0278 
.0282 
.0299 
.0810 
.0826 
.0840 
.0360 
.0882 
.      .0408 
.0482 
.0470 

6,587 
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Length,  11".02. 

Oompressed  sarface,  ll''.06xll".05s=122.10  square  inches. 

Weight,  100  poands. 

Total  thickness  of  plaster,  '^02. 


AppUed  loAds. 

ComprM* 
■ion. 

Set. 

Bemarks. 

Total. 

indi. 

Pounds. 

6,000 

10.000 

20.000 

40,000 

80,000 

100,000 

5,000 

100.000 

200,000 

5,000 

800|000 

6,000 

800.000 

400,000 

5,000 

400,000 

600.000 

5,000 

54oi0O0 
660.000 
680.000 
000,000 
090.000 
680.000 
640.000 
045.600 

Poundi. 

IndL 

0. 

.0006 
.0019 
.0086 
.0058 
.0060 

JfMh, 

Cracks  In  dRbt. 
Ultimate  ttmigth. 

.0020 

.0069 
.0110 

.0028 

.0112 
.0160 

.0068 

.0160 
.0210 

.0050 

.0212 
.0270 

.0069 

.0280 
.0200 
.0300 
.0815 
.0380 
.0060 
.0872 
.0890 
.0410 
.0422 

6.287 
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No.  72. 
Length,  12".00. 

Compressed  surface,  12'^05xl2'^00=:144.60  square  inches. 
Weight,  129  pounds. 
Total  thickness  of  plaster,  '^04. 


Applied  loads. 

Compres- 
sion. 

Set. 

Remarks. 

Total. 

Peraqiiare 
inch. 

Paunda. 

5,000 
40,000 
80.000 
100.000 

5,000 
100.000 
200,000 

6,000 
200,000 
800.000 

5,000 
800.000 
400.000 

5,000 
400,000 
600,000 

5.000 
500,000 
600.000 

5,000 
600,000 
620,000 
640.000 
660,000 
680.000 
690.000 
700,000 
710,000 

Pounds, 

Inch. 
0. 

.0022 
.0040 
.0048 

Inch. 

CraMu  in  sight. 
Ultimate  strength. 

.0010 

.0048 
.0068 

.0020 

.0090 
.0132 

.0028 

.0185 
.0182 

.0088' 

.0182 
.0240 

.0050 

.0248 

.0080 

.0830 
.0852 
.0870 
.0300 
.0422 
.0450 
.0475 
.0520 

4,010 

No.  73. 
Length,  11''.97. 

Compressed  surface,  12".08xl2''.05= 145.56  square  inches. 
Weight,  129  pounds. 
Total  thickness  of  piaster,  ''.03. 


Applied  loads. 

Compres- 
sion. 

Set 

Bemarks. 

Total 

Per  sqnare 
inoh. 

Poundt. 

5,000 
40,000 
80,000 
100,000 

6,000 
100,000 
200,000 

5,000 
800,000 

5,000 
400,000 

5.000 
600,000 

5,000 
600.000 

5.000 
600,000 
640.000 
673.000 
788,000 

Poundt. 

Inch. 

0. 

.0030 
.0060 
.0070 

.'oii5" 

Ineh. 

Cracks  in  sight 
Ultimate  strength. 



.0017 
"  ■.0022* 

.0150 

.0080 

.0200 

.0080 

.0260 

.0050 

.0320 

.0070 

.0330 
.0865 
.0402 

6,870 
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No.  74. 
Length,  12".0S. 

Gompressed  sarfaee,  12''xl2'^03=144.36  sqaare  inches. 
Weight,  130  pounds. 
Total  thickness  of  plaster,  '^06. 


Applied  loads. 

Comprea- 
ston. 

Set 

Bemarka. 

Total 

Perwiiiare 
Inch. 

Pounds. 

5,000 
40,000 
80,000 
100,000 

5,000 
200,000 

5^000 
800,000 

5.000 
400,000 

5.000 
500,000 

5,000 
600.000 

5,000 
600,000 
640,000 
6fiO,000 
680,000 
700,000 
710,000 
720,000 
780,000 
740,000 
760,000 
760.000 
800,000 

5,000 

PoumdB. 

Inch. 

0. 

.0080 
.0040 
.0068 

JfioA. 

Cracks  in  sight. 

.0022 

.0100 

.0080 

.0140 

.0085 

.0180 

.0040 

.0220 

.0050 

.0270 

.0060 

.0280 
.0800 
.0815 
.0380 
.0345 
.0852 
.0865 
.0872 
.0882 
.0890 
.0400 

5,542 

800,000  pounds  applied  four  times,  returning  to  5,000  pounds  after 
each  loading;  then  the  pressure  was  allowed  to  remain  at  its  maximum 
eight  minutes,  after  which  it  was  released  to  5,000  pounds.  The  sixth 
loading  caused  rapid  failure  under  800,000  pounds  pressure. 
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No.  75. 
Length,  12''. 

Compressed  snrfaoe,  12''  x  11".30=136.60  sqnare  inches. 
Weight,  123  pounds. 
Total  thickness  of  plaster,  ".03. 


AppUed  loads. 

Comprea- 
alon. 

Bet. 

Semarks. 

Total. 

look. 

Pounda. 

6.000 
40,000 
80.000 
100,000 

5,000 
200.000 

6.000 
800.000 

5,000 
400,000 

5,000 
600,000 

5.000 
600,000 
.  5,000 
600,000 
620.000 
640.000 
660,000 
680,000 
700.000 
708,000 
710.000 
720.000 
780,000 
740,000 
750,000 
760,000 
770,000 
780,000 
790,000 
7M,000 
800,000 

5.000 

Pa^. 

Jneh. 

0. 

.0025 
.0042 
.0053 

Jnek. 

CrMkainalght. 
Small  pieces  Hew  off. 

.0030 

.0100 

.0040 

.0140 

.0045 

.0180 

.0068 
.0065*' 

.0282 

.0800 

.0090 

.0806 
.0822 
.0888 
.0682 
.0670 
.0385 

.0392 
.0405 
.0414 
.0422 
.0487 
.0450 
.0458 
.0468 
.0475 
.0488 

6,900 

The  maxinmm  load,  800,000  poands,  applied  four  times,  retarning  to 
the  initial  load,  5,000  pounds,  between  each  repetition.  The  pressure 
was  then  applied  for  the  fifth  time,  and  maintained  at  800,000  poands, 
for  a  period  of  six  minutes,  when  the  cube  rapidly  failed. 

Each  application  of  800,000  poands  caused  small  pieces  to  fly  off  and 
increased  the  size  of  the  cracks. 
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Ko.  76. 
Length,  12''. 

Compressed  snrface,  12''.05xl2''=144.60  square  inches. 
Weight,  131  pounds. 
Total  thickness  of  plaster,  .07''. 


Compres- 
sion. 

Set. 

Benuffks. 

ToUL 

Perwroare 

Foundt. 

6,000 
40,000 
80,000 
100,000 

6.000 
200,000 

6.000 
800,000 

6,000 
400,000 

6^000 
600,000 

6^000 
600,000 

6.000 
600,000 
620,000 
640,000 
660,000 
680,000 
700,000 
720,000 
740,000 
760,000 
770,000 
780,000 
800,000 

6,000 
100,000 

6,000 
200.000 

^000 
800,000 

6,000 
400,000 

^000 
600,000 

6,000 

770,000 
800,000 

PotMdf. 

0. 

.0026 
.0042 
.0060 

Jn^. 

Pieces  flew  off. 

Pieoes  flew  ofL 
nitiiiMte  strength. 

0. 

.0086 

.0010 

."6026" 

.'0082  ■ 

.0126 

.0170 

.0220 

.0050 

.0276 

.0070 

.0285 
.0802 
.0318 
.0880 
.0846 
.0867 
.0870 
.0868 
.0400 

.0420 
.0446 

.0187 

.0175 

.0132 

.0216 

.0182 

.0260 

.0188 

.0290 

.0188 

.0826 

.0188 

.0866 

.0185 

.0410 

.0140 

6,688 

Sustained  800,000  pounds  one  half  minute;  then  failed  rapidly. 
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So.  77. 
Length,  12''. 

Oompressed  surface,  12"xl2".06=144.72  square  inches. 
Weight,  130  pounds. 
Total  thickness  of  plaster,  .01". 


AppUed  loads. 

Comprea- 
sion. 

Set. 

RemarkB. 

Total 

Per  square 
iii<qi. 

Potmdt. 

6,000 
40,000 
80,000 
100,000 

5,000 
200,000 

5,000 
800.000 

6.000 
400,000 

6,000 
•500,000 

5,000 
800,000 

5,000 
820.000 
840.000 
880,000 
680,000 
885,000 
700,000 
715,500 

773,200 

PotttMb. 

Inch. 

0. 

.0030 
.0050 
.0080 

IfuA. 

. 

.0020 

.0100 

.0080 



.0040 

.0142 

.0185 



.0050 

.0240 

.0085 

.0302 

.0085 

.0828 
.0340 
.0355 
.0372 

Pleoee  flew  oif. 

Decided  yielding;   ftai^ment   dUtnrbed 

meaBurlDg  iDBtrument. 
Ultimate  strength. 

.0410 

5,848 

PHOTOOBAPH  OF  inSAT  CEMENT  CUBE  Ko.  46,  AFTER  THE 

TEST,  8H0WIK0  THE  DEVELOPMENT  OF  TWO 

PYBAMIDS  OVERLAPPING. 


S.  Ex.  35.  49,  I. 


PHOTOGRAPH  OF  NEAT  CEMENT  PRISM  No.  200,  AFTER  THE 

TEST,  SHOWING  DEVELOPMENT  OF  TWO 

TRUNCATED  PYRAMIDS. 


S.  Ex.  35,  49.  >• 
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PIEBS  BUILl  OF  NEAT  CEMENT  PRISMS. 


i 


iTfo.  80%. 


x^ 


/aodi 


I  JTo.  ^S/ 


k 


SEx3540l 
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No,  80i. 

Test  of  a  pier  built  of  three  12-iiich  neat  cement  prisms  (Nos.  203, 204, 
and  205)  and  one  Haverstraw  freestone  cabe  (No.  251). 

Under  550,000  poands  pressure,  cracking  sounds  were  heard. 

At  580,000  pounds,  prism  o  began  to  flake  off  at  corner. 

At  627,000  pounds,  fractures  opened  in  the  two  corners  of  the  cement 
prism,  1  and  2. 

Ultimate  strength,  654,000  pounds. 

The  pier  failed  with  a  loud  report,  the  sides  flying  off  in  small  pieces, 
the  remaining  portions  forming  two  truncated  pyramids,  indicated  by 
the  dotted  lines  of  the  sketch,  and  shown  by  the  heliotype. 


PHOTOOBAPH  OF  PIEE  No.  80|,  AFTER  THB  TEST. 


S.  Ex.  35,  49.  •• 
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No.  79J. 

Test  of  a  pier  built  of  three  neat  cement  prisms,  each  12^^  x  12'^  x  4'^ 
(Sob.  206,  207,  and  208). 
Total  height  of  pier,  12'M8. 
Sectional  area,  144.28  square  inches. 


AppU.d  load*. 

Compres- 
iilon. 

Bemarks. 

1 

Sot. 

Poundt. 

6,000 
40,000 
80,000 
100,000 

6,000 

.  100,000 

900.000 

6,000 
200,000 
800.000 

6.000 
800.000 
400.000 

5.000 
400,000 
500,000 

6,000 
500.000 
500,000 
000.000 

5.000 
000.000 
002,000 

PoundM. 

Inch. 

0. 

.0030 
.0000 
.0072 

Inch. 

Cracked  «ach  prism. 
Ultimato  strength. 

.0020 

^      .0072 
.0130 

.0040 

.0186 
.0200 

.0070" 

^.. 

.0200 
.0272 

.0100 

.0280 
.0800 



.0180 

.0362 
.0450 
.0402 

.0180 

.0480 

4,688 

8.  Ex.  35 11 


Cnfo.77/R. 


"\ 

tM.Z09 

tM.Z/o 

J^-av/ 

SEx35491 
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No.  77^. 

Test  of  a  pier  built  of  three  neat  cemeut  prisms,  each  12'^xl2'^x6. 
(Nos.  209,  210,  and  211.) 
Total  height  of  pier,  18".06. 
Sectional  area,  145.20  square  inches. 


Applied  loads. 


Total. 


Per  sqaare 
I      inch. 


Comprea>  q-* 

aion.  ^^ 


Pinmdi. 

5.000 
10.000 
20.000 
40.000 
60,000 
80.000 
100, 000 

5,000 
100.000 
120.000 
140. 000 
100,000 
180,000 
200, 000 

5,000 
200,000 
220,000 
240,  COO 
260,000 
280,000 
300,000 

6.000 
300,000 
320, 000 
840,000 
860,000 
360,000 
400,000 

5.000 
400.000 
420.000 
440,000 
460.000 
480,000 
500,000 

5.000 
500.000 
620,000 
540,000 
560,000 
580,000 
600, 000 

5,000 
600.000 
620,000 
640,000 
660,000 
680,000 
700,000 

5,000 
680,000 


Pounds. 


Inch. 

0. 

.0016 
.0030 
.0055 
.0072 
.0088 
.0101 


Ineh. 


.0102 
.0120 
.0180 
.0148 
.0160 
.0175 


.0178 
.0190 
.0201 
.0220 
.0232 
.0252 


.0252 
.0270 
.0290 
.0810 
.0335 
.0360 


.0360 
.0389 
.0412 
.0445 
.0475 
.0498 


.0512 
.0540 
.0565 
.0590 
.0628 
.0660 


4.821 


.0678 
.0700 
.0780 
.0765 
.0800 
.0840 


Hemarka. 


.0089 


.0062 


.C091 


.0147 


.0222 


.0822 


.0420 


Snapping  sonnd. 

TJltimatfr  strength ;  cracks  opened  at  joint 

of  a  and  b. 
Highest  load  sustained  after  determining 

last  set. 


PHOTOGRAPH  OF  NEAT  CEMENT  PBI8M  No.  211,  (TESTED  IN 
PIER  No.  T7J0  AFTER  THE  TEST. 


Ex.  35,  49.  I. 


Ti 

!So: 
T 

S 
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No.  78J. 

Test  of  a  pier  built  of  three  neat  cement  prisms,  each  12''xl2''x8. 
(Nob.  212,  213,  and  214.) 
Total  height  of  pier,  24".40. 
Sectional  area,  145.64  square  inches. 


Applied  loads. 

Compres- 
Bion. 

Set. 

Remarks. 

Pounds. 

5,000 

10.000 

20  000 

PoundM. 

Inch. 

0. 

.0012 
.0032 
.0071 
.0096 
.0114 

Inch. 

40.000 

60,000 
80  000 

100,  000 

.0130 

5,000 

'         .0042 


100,000 
120,000 
140,000 
160,000 

.0132 
.0140 
.0162 
.OIM 
.0200 
.0215 

180,000 



200,000 

' 

5,000 



.0062 

200.000 

.oil? 

220,000 
240,000 

.0232 
.0250 
.0267 
.0282 
.0800 

260,000 

280, 000 

800,000 

5,000 





.0088 

300.000 

.0302 
.0320 
.0340 
.0360 
.0380 

820,000 
340,000 
360.000 



......... 

:::::::::::: 

380,000 
400,000 

5,000 
400.000 
420,000 
440,000 
460,000 
480,000 
500,000 

5,000 
500,000 
520,000 
540,000 
560,000 
580.000 
600,000 

5,000 

.0400 



.0120 

. 

.0402 
.0425 
.0448 
.0471 



.0500 
.0520 

.0162 

...... ..... 

.0530 
.0560 
.0590 
.0615 
.0645 

Began  to  flake  at  Joint  of  prisms  a  and  b. 

.0688 



.0282 

600.000 
620,000 

.0702' 
.0735 
.0766 
.0820 

* 

640,000 
654,800 

Ultimate  strength. 

4,406 



Sudden  failure  under  the  maximum  pressure.    A  continuous  longi- 
tudinal seam  opened  along  the  three  prisms,  splitting  ofi'  the  comer  of 
the  pier.    Other  similar  seams  also  opened. 
The  fragments  of  prism  a  assumed  a  pyramidal  form  with  steep  sides* 
Prisms  b  and  o  were  broken  up  by  seams  nearly  parallel  to  the  line 
of  pressure. 
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4.— MOETAE  AH D  COH CEETE  CUBES  MADE  OF  If  OETOH  S  CEMENT. 

The  cubes  were  made  in  January,  1880,  and  were  46  months  old  when 
tested. 

There  were  two  compositions  each  of  mortar  and  concrete,  differing 
in  the  quantity  of  san<l  used. 

All  were  prepared  with  plaster-of-paris  bed  faces,  and  were  tested  be- 
tween steel  cushions. 

Compression  measurements  were  taken  with  cubes  8'^  to  16'^  inclu- 
sive. 

Pyramidal  fractures  were  developed. 

The  average  strengths  of  the  cubes  were  as  follows : 

Mortar  cubes, 

Poandfl  per 
sqaare  inch. 

CompositioD  A.  M 1,545 

Compositiou  B.  M 854 

Concrete  cubes. 

Composition  A 1,545 

Composition  B 1, 021 

Moitar  A.  M.,  containing  H  parts  sand  has  80.9  per  cent,  higher 
strength  than  mortar  B.  M.,  containing  3  parts  sand ;  and  concrete  A 
exceeded  the  strength  of  concrete  B  51.3  per  cent. 

The  addition  of  the  broken  stone  to  mortar  A.  M.,  thereby  forming 
ooncrete  A,  did  not  result  in  any  change  of  the  average  crushing  resist- 
ance of  the  mixture;  whereas  with  mortar  B,  the  resulting  concrete  is 
19.6  per  cent,  stronger  than  the  mortar. 


CRUSHING  STRENGTH  OF  CUBES  OF  NORTONS  CEMENT  MORTAR. 
[CoMPOBmoN  A.  M.— 1  part  cement  paate,  1|  parts  sand.] 


No. 

of 

teat 


116 
117 


120 
121 


Actual  dimenaioDS. 

Nominal Sec- 

dimen-  tional 


aions. 


124 
125 


Length. 


\Ineh4i. 
4"cnbe.J  8.98 
...do....' 

e^'onbe.. 
..  4o.... 

8"  cube    ' 
...do.. 


8.99 


6.00 
6.03 


129    12"cnbe 
123   ..  do.... 


le^'oabe 
...do    ... 


8.11 
7.99 


12.03 
12.07 


16.06 
16.08 


Compreaaed      area, 
aumoe. 


I 


Thick- 
Oaah*  neaaof  Cracks 
ions.    ;  plas-    in  sight, 
ter. 


Ultimate  strength. 


Inehet. 
4.06 
3.88 

6.02 
S.98 

&05 
a  06 

12.03 
12.02 

16.00 
16.05 


Ituhes.,  8q.  in. 

16.24     steel. 


4.00 
4.08 


5.99 
6.02 


Inch. 

.06 

16.64  i..do...!      .08 


36.06    ..do  ...: 
36.00    ..do  ...I 


.12 
.17 


PitundM. 
26.400 
32,100 

49,700 
46.900 


&0e  I    64.64 
&05  ;    64.80  , 


12.07 
12.02 


145u20  ! 
144.48  < 


.do. ..I 
.do.-.i 


.do. 
.do. 


.03  I  106.000 
.01  '  120,000 


.21  , 

.04 


16.01     256.16 '..do. 
16.08     268.08;. .do. 


193,500 
106. 100 

321.200 
320.000 


Total. 


Per 
square 
inch. 


'Weight 

per 
,  cubic 
I    foot. 


Pounds. 
83,200 
82.100 

49.700 
46,900 

106.000 
120,000  i 

192,500 
197,400 

821,200 
320,000 


Poundg.  \Pounds, 
2,044  121.9 
2,052  I     122.1 


1,878  I 
1,303 

1,640 
1,852 

1,326 
1,366 

1,254  j 
1.240 


117.8 
117.8 


122.0 
122.6 


117.2 
117.6 


119.8 

11&5 
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CRUSHING  STRENGTH  OF  CUBES,  ^C— Continued. 
[COMPOSiTlOir  A.— 1  part  cement  paste,  1\  parts  sand,  6  parts  broken  stone.] 


No. 

of 

test 

Actual  dimensions. 

Sec. 
tional 
area. 

Cush- 
ions. 

Thick- 

Ultimate  strength. 

Weight 

per 

cubic 

foot 

Length. 

Inchet. 
4.10 
4.11 

Compressed 
surface. 

n  ess  of  vymcs-B 
plas-    in  sight 
ter. 

1 

Total. 

Per 
square 
inch. 

126 
127 

4"  cube.. 
...do... 

Inches.  Inches. 
4. 00       4. 09 
4.05  !    4.05 

8q.  in. 
16.36 
16.40 

Steel.. 
..do... 

Inch.  ,  Pounds, 
.03      87,950 
.01  1    38,100 

Pounds. 
87,950 
38,100 

Pounds. 
2.320 
2,323 

Pounds. 
137.1 
141.5 

128 
129 

6"  cube.. 
...do.... 

6.08 
6.03 

5.97 
6.03 

6.10 
6.07 

36.42 
36.60 

..do... 
..do... 

.01 
.02 

83,000 
35,200 

33.100 
37,200 

909 
1,016 

186.0 
137.1 

180 
131 

8"  cube.. 
...do.... 

ao6 

8.04 

8.03 
8.06 

8.07 
8.04 

64.80 
64.72 

..do... 
..do... 

.10 
.03 

87,600 
97,900 

87,600 
97,900 

1,352 
1,513 

143.6 
142.6 

182 
133 

12"  cube. 
...do.... 

12.02 
12.05 

12.09 
12.00 

12.00  1  145.08 
12. 00     144. 00 

..do... 
..do... 

.10     384,000 
.10     200,000 

218, 100 
282,900 

1,508 
1,617 

146.7 
147.9 

134 
185 

16"  cube 
...do... 

16.05 
16.05 

16.10 
16.04 

16.07 
16,05 

258.73 
257.44 

..do... 
..do... 

.  16  :  315,  000 
.  17  .  360, 000 

379,20: 
368.000 

1,40 
1«429 

146.9 
146.9 

CRUSHING  STRENGTH  OF  CUBES  OF  NORTON'S  CEMENT  CONCRETE. 
[C0MP08ITI0X  B.  M.— 1  part  c«ment  paste,  3  parts  sand.] 


136 
137* 

4"  cube.. 
...do.... 

3.90 
4.00 

3.98 
3.98 

3.94 
4.00 

15.68 
15.92 

Steel. 
..do... 

.02 
.06 

23,260 
18,560 

23,250  , 
18.560 

1.488 
1,166 

120.1 
120.9 

138 
139 

6"  cube.. 
...do... 

5.98 
5.94 

&  02       6. 03 
&  02       6. 01 

36.80 
86.18 

..do... 
..do... 

.  03       28, 300 
.16  1    26,050 

28,300 
26,050 

780 
720 

116.6 
117.3 

140 
141 

8"  cube.. 
...do  ... 

&05 
8.00 

7.96       8.04 
a  05  1    8.02 

64.00 
64.56 

..do... 
..do... 

.13 
.10 

54,280 
47,260 

54.280 
47,250 

848 
732 

117.4 
117.2 

142 
148 

12"  cube. 
...do.... 

12.00 
12.11 

12.02  '  12.06 
12.11     12.07 

144.96 
146.17 

..do... 
..do  ... 

.08 
.03 

98.500 
101,600 

98,500 
101, 600 

680 
695 

116.2 
118.8 

144 
145 

16"  cube. 
...do.... 

16.10 
1&09 

16.10 
16.07 

mil 

16.00 

269.37 
257.12 

..do... 
..do... 

.14  ,  194,200 
.16     176,750 

194,200 
176,750 

749 
687 

114.9 
115.9 

*One  compressed  surface  ".00i:t  convex. 
[Composition  B.— 1  part  cement  paste ;  3  parts  sand ;  6  parts  broken  stone.] 


146 
147 

4"  cube.. 
...do.... 

4.07 
4.02 

146 
149 

6"  cube.. 
...do... 

5.90 
tf.00 

M60 
161 

8"  cube.. 
...do.... 

&02 
8.05 

152 
163 

12"  cube 
...do-.... 

12.03 
12.05 

154 
165 

16"  cub© 
..  do.... 

16.18 
16.14 

3.98 
3.98 

6.02 
6.95 

8.02  i 
8.00  i 

12.01  I 
12.06  I 

16.  ]4  , 
16.12  I 


15.92  '  Steel. 
15.92   ..do.. 


4.00 
4.00 


6.00      86.12    ..do...! 
6.00      35.70  '..do... 


&00 
a  15 


12.11 
12.05 


iao8 

16.10 


64.16 


145.44 
145.32 


2Sa72 
259.53 


..do. 
..do. 


I. .do  . 
..do  . 


..do... 
..do... 


.04 
.21 


.17 
.07 


.03  I 
.10 


23,150 
27,860 

36,450 
35,100 

56,000 
55,000 

112.650 
109.900 

222.100 
210.000 


24,700  ' 
27,360 

36.450 
35,380 

56,400 
55,000 

112,650 
109,900 

222,100 
216, 000 


1,552 
1,718 

139.9 
128.2 

1,009 
991 

189.0 
138.8 

879 
844 

140.4 
189.9 

775 
767 

18a  8 

isai 

858 
828 

188.9 
140.0 

*One  compressed  face  convex  ".01  ±. 
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CUBES  OF  NORTON'S  CEMENT  MOBTAR-^COMPOSITION  A,  M. 

No.  120. 
Length,  8'Ml. 

Compressed  surface,  8".05x8''.03=64.64  square  inches. 
Weight,  37  pounds. 
Total  thickness  of  plaster,  '^03. 


Applied  loads. 

Compres- 
sion. 

Set 

Bemarks. 

TotaL       ^"taT"* 

Pounds. 

1,000 

5,000 

10,000 

15,000 

Pwmdt. 

Inch, 
0. 
.0015 

Inch. 

.0020 
.0030 
.0038 
.0042 

20  000 

25,000 
1,000 

.0010 

25,000 
30,000 
85,000 
40,000 
45,000 
50.000 
1,000 
50,000 
5.\000 
60,000 
65,000 
70,000 
75.000 
1,000 
75,000 
80,000 
85,000 
90.000 
95,600 
100.000 
105,000 
106,000 

.0042 
.0050 
.0060 
.0070 
.0075 

.0082 

.0022 

.0088 
.0095 
.0105 
.0115 
.0122 
.0138 

Ultimate  strength. 

.0045 

.0142 
.0152 
.0165 
.0180 
.0200 
.0222 
.0252 
.0290 



1,640 

Cracks  appeared  at  time  of  reaching  the  maximum  load. 
Pyramidal  fragments. 
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No.  121. 

Length,  7"  99. 

Compressed  surface,  8'^05x8'^05=s64.80  square  inches. 

Weight,  36|  pounds. 

Total  thickness  of  plaster,  ''.01. 


AppUed  loads. 

ComproA- 
sion. 

Set 

Remarks. 

Total. 

Persooare 

Pound*. 

1,000 

6.000 
10,000 
16.000 
20.000 
26,000 

1,000 
26.000 
30,000 
35,000 
40.000 
46,000 
60,000 

1,000 
60.000 
65,000 
60,000 
65.000 
70.000 
76,000 

1,000 
76,000 
80,000 
86,000 

Pirtindt. 

Ineh, 

0. 

.0020 
.0030 
.0042 
.0050 
.0002 

Ineh, 

Ultimate  streni^h. 
Craokft  appeared  when  preasnre 
this  load. 

feU  to 



.mo" 

.0062 
.0070 
.0076 
.008;^ 
.0095 
.0102 



.0035 



.0106 
.0110 
.0120 
.0180 
.0140 
.0160 



............ 

.0162 
.0160 
.0172 
.0200 
.0210 
.0230 
.0262 
.0280 
.0365 

06.000 
100.000 
106.000 
110,000 
116,000 
120,000 
118,000 



1,862 



Pyramidal  fragments. 
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No.  122. 
Length,  12''.03. 

Compressed  surface,  12'^03xl2''.07=145.20  square  inches. 
Weight,  USi  pounds. 
Total  thickness  of  plaster,  ^'.21. 


Applied  loads. 

Comprea- 

8iOIl. 

Set 

Kemarks. 

Total. 

Per  saaare 
incn. 

Pounds. 

5,000 

10,000 

20,000 

30.000 

40.000 

50.000 

6,000 

50,000 

60.000 

70,000 

80,000 

90,000 

100, 000 

5,000 

100,000 

110. 000 

120.000 

130,000 

140,  000 

150,000 

160,000 

170,000 

180,000 

190,000 

192.600 

Pounds. 

Inch. 

0. 

.0010 
.0045 
.0222 
.0420 
.0655 

Inch. 

Ultimate  strength. 

.0520 

.0556 
.0630 
.0700 
.0755 
.0800 
.0845 

T 

.0760 

.0870 
.0890 
.0920 
.0960 
.0990 
.1032 
.1075 
.1125 
.1185 
.1260 
.1380 



1.326 

Surface  cracks  appeared  soon  after  passing  the  maximum  load. 
A  part  of  the  unusual  yielding  of  the  cube  was  attributed  to  the  plas- 
ter-of-paris,  which  was  found  soft  and  yielding  after  the  test. 
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No-  123. 
Length,  12".07. 

Compressed  surface,  12^^02x12^^02=144.48  square  inches. 
Weight,  U8f  pounds. 
Total  thickness  of  plaster,  ^^04. 


AppUedlMuls. 

Comprea- 
sion. 

1 

T<^-      |^*lnX" 

Set.       1                             RemarkB. 

Pounds.    •    Poundi. 
5  000       

Inch. 

0. 

.0012 
.0030 
.0042 
.0052 
.0062 

Inch, 

10.000 
20,000 
80,000 
40.000 
50,000 
5,000 



.0080 

50,000 

.0065 
.0075 
.0088 
.0100 
.0112 

1 

60,000 
70.000 
80.000 
90.000 
100,000 
5.000 

.0130 



.0060 

100,000 
110,000 

120,  obo 

130,000 
140,000 
150,000 
5,000 
150,000 
160,000 
170.600 
180  000 

.0135 
.0150 
.0170 
.0192 
.0220 
.0250 



Cracks  in  sight. 
Ultimate  strength. 

.0125 

.0260 

.0295 
.0330 
.0890 
.0480 



190  000 

196,100 
197,400 

1  306    1          .OAAO 
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No.  124. 
Length,  16'^05. 

Compressed  surface,  16''.00xl6''.01=256.16  sqaare  inches. 
Weight,  284  pounds.  -- 

Total  thickness  of  plaster,  '^08. 


Applied  loAds. 

Compros- 
sion. 

Set 

Kem«rk8. 

Totol. 

Per  aqaare 
inoh. 

P<mnd9, 

5,000 

10,000 

20,000 

80,000 

40,000 

50.000 

60,000 

70,000 

80.000 

90,000 

100.000 

5,600 

100.000 

120.000 

140.000 

160.000 

180,000 

200,000 

5,000 

200.000 

220.000 

280,000 

240,000 

250,000 

260,000 

270,000 

280,000 

290.000 

300,000 

310.000 

PoundM. 

Inek, 

0. 

.0010 
.0022 
.0038 
.0048 
.0058 
.0068 
.0075 
.0080 
.0090 
.0096 

Jndu 

UltfmAte  strength. 

.0080 

.0100 
.0110 
.0128 
.0145 
.0160 
.0186 

.0060 

.0102 
.0215 
.0225 
.0240 
.0258 
.0280 
.0292 
.0310 
.0340 
.0365 
.0392 
.0490 
.0556 
.0600 

810,000 

820,000 

821,200 

1.264 
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No.  126. 

Length,  16'^08. 

Compressed  surface,  16'^05x  16^^08=268.08  square  inches. 

Weight,  284J  pounds. 

Total  thickness  of  plaster,  ^^09. 


AppUed  loads. 

Compr«0- 
Bion. 

Set 

Bemarks. 

Tot^      ^•inX" 

Pound*. 
5.000 
10.000 

Potmdt. 

JiMfc. 

0. 

.0005 
.0015 
.0027 

Inch. 

Ultimate  strength. 

20.000 
30,000 
40,000 
50,000 
60.000 
70,000 
80,000 
90.000 
100.000 
6,000 
100.000 
120,000 
140.000 
160.000 
180.000 
200.000 
5,000 
200.000 
220,000 



.0040 
.0060 
.0060 
.0070 
.0075 
.0080 
.0090 

•■" 

.0025 

.0090 
.0105 
.0120 
.0138 
.0155 
.0175 

.0052 

.0182 
.0200 
.0216 
.0280 
.0245 
.0202 
.0288 
.0810 
.0840 
.0890 
.0445 
.0520 

280,000 

240,000 
250,000 
260,000 
270.000 
280.000 
290,000 
800,000 
810,000 
820,000 

1.240 
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CUBES  OF  NORTON'S  CEMENT  MORTAR.— COMPOSITION  B.  M. 

No.  140. 
Length,  8''.05. 

Compressed  surface,  7'^96x8'^04=s64.00  sqaare  inches. 
Weight,  35  pounds. 
Total  thickness  of  plaster,  'M3. 


Applied  loads. 

ComprM- 

SiOD. 

Set. 

1         . 

1                             Remarks. 

Total.       ^«1„X" 

Pounds. 

1,000 

6,000 

10.000 

16.000 

20,000 

25,000 

1,000 

25,000 

30.000 

35.000 

40,000 

45,000 

50,000 

Poundt. 

1 

Inch. 
0. 

.0025 
.0042 
.0060 
.0075 
.0000 

Inch. 

I 
j 

! 

i 

Ultimate  streogth. 

\ 



. 

.0080 

.0006 
.0110 
,0180 
.0150 
.0180 

!0400 

54  280    !              A48 

No.  141. 

Length,  8.00". 

Compressed  surface,  8'^05x  8^.02=64.56  sqaare  inches. 

Weight,  35  pounds. 

Total  thickness  of  plaster,  'MO. 


Totol. 


Pwndt. 

1,000 

5,000 

10,000 

15,000 

20,000 

25,000 

1,000 

25.000 

80,000 

35,000    I 

40,000 

45.000    , 

47,260 


1  loads. 

Compres- 
slon. 

Set. 

Bemarks. 

Per  square 
inch. 

Poundt. 

Inch. 

0. 

.0030 
.0050 
.0060 
.0075 
.0000 

Inch. 

Ultimate  strengtli. 



;::::::::::: 

.0040 

.0006 
.0110 
.0180 
.0160 
.0280 
.0360 



782 
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No.  142. 
Length,  12".00. 

Oompressed  surface,  12''.02x  12^^06=144.96  square  inches. 
Weight,  116  pounds. 
Total  thickness  of  plaster,  ^^08. 


Applied  loads. 

1 

ToUl. 

Per  square 
inch. 

^"riJn?^         Set 

i          1 

Poundt. 
5,000 
10,000 
20,000 
80,000 
40,000 
50,000 
5,000 
50.000 
00,000 
70.000 
80,000 
90,000 
98,500 

Paundt. 

Inch. 

0. 

.0012 
.0030 

Inch. 

.0040 

.0066 
.0069 

% 

.0029 

.0072 
.0086 
.0108 
.0135 
.0180 
.0410 

080 

Remarks. 


Ultimate  strength. 


No.  143. 
Length,  12'M1. 

Compressed  surface,  12'Mlxl2''.07=146.17  square  inches. 
Weight,  116J  pounds. 
Total  thickness  of  plaster,  '^03. 


9 

Comprea- 
slon. 

1 
Set                                   Bemarks. 

1 

1 

Total. 

Persaoare 
inch. 

Pound*, 
6,000 
10,000 
20,000 
30.000 
40,000 
60,000 
6,000 
50.000 
60,000 
70,000 
80,000 
90,000 
100,000 
101,600 

Pounds. 

Ineh. 

0. 

.0010 
.0025 
.0040 
.0055 
.0070 

Ineh. 

Ultimate  strength. 

.0028 

.0075 
.0090 
.0120 
.0152 
.0210 
.0320 
.0410 

695 
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No.  144. 
Length,  16'M0. 

Compressed  surface,  16'M0xl6'Ml= 269.37  sqaare  inches. 
Weight,  277^  pounds. 
Total  thickness  of  plaster,  'M4. 


Applied  loada. 

Compres- 
sion. 

Set. 

Remarks. 

Tott  '^"a"" 

Pounds.       Pounds. 
5  000 

Inch. 

0. 

.0010 
.0025 
.0085 

Inch. 

• 
Ultimate  strength. 

10,000 
20,000 
80,000 
40.000 
50,000 
60,000 
70,000 
80,000 
00,000 

.0042 
.0052 
.0065 
.0075 
.0082 

.0005 
.0110 

••-• 

100,000 
5,000 

.0042 

100,000 
110,000 
120,000 

.0112 
.0125 
.0140 
.0160 
.0180 
.0205 
.0235 
.0272 
.0320 
.0420 
.0560 

130,000 
140.  000 
150.000 
160.000 
170.000 
180.000 
100,  000 

104, 200 

749 

No.  145. 
Length,  16''.09, 

Compressed  surface,  16".07  x  16".00=267.12  sqaare  inches. 
Weight,  277J  pounds. 
Total  thickness  of  plaster,  'M6. 


AppUed  loads. 

Compres- 
sion. 

Set. 

Remarks. 

Total. 

Per  sqaare 
inch. 

Pounds. 
5,000 
10,000 
20,000 
80,000 
40.000 
50,000 
60  000 

P4tundt. 

IneK, 

0. 

.0020 
.0038 
.0050 
.0062 
.0072 
.0082 
.0008 
.0110 
.0122 
.0140 

Inch, 

Ultimate  strength. 

70  000 

80.000 

80,000 
100  000 

5.000 

.0055 

100.000 

.0145 
.0160 
.0172 
.0102 
.0225 
.0258 
.0802 
.0380 
.0540 

110  000 

120  000 

130,000 
140,000 

150,000 
160,  000 
170, 000 

176,  750 

687 
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CUBES  OF  N0BT02P8  CEMENT  CONCBETE^CQMFOSITION  A. 

No.  130. 

Length,  W'M. 

Oompressed  Burface,  8'^03x8^^07= 64.80  square  inches. 

Weight,  43}  i>oand8. 

Total  thickness  of  plaster,  'MO. 


Appltod  loads. 

Tot--       """toX" 

Compres- 
•lon. 

Set.                                    BemarkB. 

1 

1.000 
6  000 

POttlUft. 

Inch. 

0. 
.0025 
.0030 
.0042 
.0050 

Inch. 

10,000 
15,000 
20  000 

f 

25^000 
1.000 
25,000 
80,000 
85.000 



.0060 

.0080 

.0062 
.0070 
.0080 
.0090 
.0105 
.0122 

40,000 

45,000 

50.000 

1.000 

.0065 

60.000 

.0190 
.0145 
.0175 
.0215 
.0260 
.0810 
.0825 
.0885 
.0485 
.0680 

55,000 
60,000 
65,000 
70,000 
74,300 
75,000 
80,000 
85,000 
87,600 

i.362 

Ulttmate  airenffth. 

8.  Ex.  36 12 


178   TESTS  OF  IRON  AND  STEEL  AND  OTHER  MATERIALS. 


No.  131. 

Length,  8".04. 

Compressed  surface,  8".05  x  8''.04=64.72  square  inches. 

Weight,  43  pounds. 

Total  thickness  of  piaster,  '^03. 

One  compression  face,  ''.01  convex. 


Applied  loads. 


Total. 


Pounds. 

1,000 

5,000 
10,000 
15,000 
20,000 
26,000 

1,000 
25,000 
80,000 
85,000 
40,000 
45,000 
50,000 

1,000 
50,000 
55.000 

eo.ooo 

65^000 
70,000 
75,000 
80,000 
85,000 
90,000 
05,000 
97,000 


Per  sqnare 
inch. 


I 


Comprea-  i 
slon. 


Set. 


Remarks. 


P<mndi. 


Inch. 

0. 

.0040 
.0070 
.0085 
.0006 
.0110 


Inch. 


.0115 
.0120 
.0140 
.0150 
.0170 
.0100 


.0078 


1,680 


.0200 
.0220 
.0240 
.0275 
.0810 
.0350 
.0808 
.0460 
.0575 
.0710 
.1000 


.0180 


tntlmate  Btrength. 
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ISo.  132. 
Length,  12".02. 

Compressed  surface,  12".09  x  12" =145.08  square  inches. 
Weight,  148  pounds. 
Total  thickness  of  plaster,  'MO. 


AppUedliMds. 

Comprca- 
Blon. 

Set. 

I 
K«marlcB. 

Tot«t       ^"toT"* 

Poundt. 
6,000 
10,000 
20,000 
80.000 
40,000 
50.000 
5.000 
50,000 
00,000 
70.000 
»).000 
00,000 
100,000 
5.000 
100,000 
110,000 
120,000 
18ft  000 
140.000 
150,000 
100,000 
170.000 
180,000 
184,000 

Poundt. 

Inch, 

0. 

.0010 
.0020 
.0030 
,0040 
.0050 

Ineh. 

Craok  in  sight 
intimate  strength. 

.1.... 

.0022 

.0050 
.00«0 
.0070 
.0080 
.0006 
.0110 

.0052 

.0120 
.0180 
.0150 
.0170 
.0108 
.0280 
.0266 
.0810 
.0362 



190,000 

.0416 
.0510 
.0645 
.0870 

200,000 



210.000 

::::::::;;:: 

215,400 

218.100 

1,508 
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No.  133. 
Length,  12''.05. 

Compressed  surface,  12''xl2''=144  square  inches. 
Weight,  148J  pounds. 
Total  thickness  of  plaster,  'MO. 


Applied  loads. 
Total.      k*^„X" 

Compree- 
sion. 

Inch. 

0. 

.0015 
.0042 
.0058 
.0085 

Set 

BemarkB. 

Pounds. 

5,000 

10,000 

20,000 

80,000 

60,000 

6,000 

60,000 

60.000 

70,000 

80.000 

90,000 

100,000 

6,000 

100,000 

110.000 

120,000 

180,000 

Pounds. 

Inch. 

Cnoks  in  tight 
Uliimateatrongtb. 



.0050 

.0100 
.0115 
.0180 
.0148 
.0160 

.0098 

............ 

.0170 
.0186 
.0200 
.0220 
.0245 
.0280 

140,000 

150,000 

6,000 

.0172 

150,000 

.0202 
.0820 
.0840 
.0360 
.0480 
.0500 
.0600 
.0720 
.1100 

160,000 



170,000 

180.000 

190,000 

200,000 

210, 000 

220,000 

228,800 

i,'6i7 

282,900 
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No.  134. 
Length,  IS'^OS. 

Compressed  surfikse,  16'M0xW.07 =258.73  square  inches. 
Weight,  353  poands. ' 
Total  thickness  of  plaster,  'M5. 


AppUedloAda. 

Comprea- 
•ton. 

Set. 

Remarks. 

TotaL     ^•'i^er" 

Pounds, 
5,000 
10,000 

Poundi. 

Jneh. 

0. 

.0008 
.0030 
.0042 
.0049 
.0054 
.0060 
.0065 
.0070 
.0075 
.0080 

.0080** 

.0090 
.0100 
.C116 
.0180 
.0160 

InelL 

Snapping  soimd. 
Cracks  in  sight. 

20,000 



80,000 

40,000 

60,000 

60,000 

70,000 

80,000 

90,000 

100,000 

6,000 

100,000 

120,000 

140,000 

160,000 

180,000 

200,000 

6!  000 

200,  OQP 

210,000 

220.000 

280,000 

240,000 

250,000 

260,000 

270,000 

280.000 

290,000 

800,000 

810.000 

816,000 

820,000 

880.000 

840.000 

860i000 
870,000 
879,200 

.0044 

r6072" 

.0160 
.0170 
.0182 
.0202 

.0250 
.0278 
.0815 
.0360 
.0400 
.0460 
.0600 
.0550 
.0600 
.0710 
.0806 
.0900 
.1090 
.1450 
.2030 

1.466 
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No,  135. 

Length,  16".10. 

Compressed  surface,  16".04xl6''.05=267.44  sqaare  inches. 

Weight,  352J  pounds. 

Total  thickness  of  plaster,  ".17. 


1         Applied  loftda. 

1 

Compres- 
Bion. 

Inch, 
0. 

.0008 
.0015 
.0026 
.0030 
.0038 
,0042 
.0050 
.0055 
.0060 
.0069 

Set. 

BemarkB. 

Total. 

Per  Maare 
inch. 

Poundt. 
5,000 
10.000 
20,000 
80,000 
40.000 
50.000 
60,000 
70,000 
80.000 
90,000 
100,000 

Pound*. 

Inch. 

5,000 
100,000 
120, 000 
140,000 
160,000 
180.000 
200.000 

5,000 
200,000 
220.000 
230.000 
240,000 
250.000 
260,000 
270, 000 
280.000 
290,000 
800,000 
810,000 
318,700 
820,000 
830,000 
840,000 
850,000 
860,000 
868,000 

.0080 

.6676 
.0080 
.0092 
.0110 
.0130 
.0150 

.0070 

.0160 
.0180 
.0192 
.0208 
.0236 
.0260 

' 



1 

Crack*  in  sight. 
Ultimate  streDgth. 

.0290 
.0320 
.0360 
.0420 
.0500 
.0538 
.0580 
.0602 
.0650 
.0740 
.0676 
.1170 



1,429 
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CUBES  OF  NORTON'S  CEMENT  CONCRETE— COMPOSITION  B. 

No.  150. 

Length,  8''.02. 

Compressed  surface,  S".02x8''=64.16  square  iuches. 

Weight,  42  pounds. 

Total  thickness  of  plaster,  ".14 

One  compressed  face  convex  ''.01. 


Applied  loads. 

1- 

Compres- 
sion. 

Inch. 

0 

.0062 
.0090 
.0110 
.0122 
.  0142 

Set. 
Inch. 

Remarks. 
Ultimate  strength. 

!      Total. 

Per  square 
»    inch. 

I 
Pounds. 
1.000 

Pounds. 

r»,  000 



10,000 

16,000 

20,000 

1        25, 000 

1,000 

.0110 

25,000 

.0160 
.0162 
.0185 
.0215 
.0258 
.0330 
.0480 

80,000 

a5,ooo 



1        40, 000 

45,000 

50,000 

54,300 

56*400 

879 

No.  151. 
Length,  8''.05. 

Compressed  surface,  8"x8'M5=66".20  square  inches. 
Weight,  42^  pounds. 
Total  thickness  of  plaster,  ".19. 


Applied  loads. 

Compres- 
sion. 

Set. 

Remarks. 

• 

Total. 

Per  square 
inch. 

Pounds. 
1,000 
6,000 
10.000 
15.000 
20.000 
26.000 

Pounds. 

Inch. 

0 

.0022 
.0040 
.0056 
.0070 

Inch. 

mtimate  strength. 

.0086 

1,000 

.0042 

25,000 

.0090 
.0100 
.0120 
.0142 
.0172 
.0230 
.0460 

30,000 
35,000 
40, 000 
45,000 
60,000 
55.000 

' 

844 
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No,  162. 
Length,  12^'.03. 

Oompressed  surface,  12".01xl2".l  1=146.44  sqnare  inches. 
Weight,  140  pounds. 
Total  thickness  of  plaster,  'M4. 


AppUe^ 

1     Total. 

1 

I  loads. 

Per  square 
inch. 

Pounds. 

Coin  proa- 
sion. 

Set. 

Semarks. 

■ 

Poundt. 

6,000 

lO.OOC 

20,000 

30,000 

40,000 

60,000 

5,000 

60,000 

60,000 

70,000 

80,000 

90,000 

100.000 

110,000 

112,660 

Inch. 

0 

.0007 
.0022 
.0040 
.0060 
.0005 

Inek, 

nitimate  stTength. 

.0080 

.0070 
.0080 
.0104 
.0125 
.0180 
.0290 
.0576 
.0760 

776 

Fo.  163. 
Length,  12".06. 

Oompressed  surface,  12'^06xl2".06= 146.32  square  inches. 
Weight,  140  pounds. 
Total  thickness  of  plaster,  ".09. 


AppUed  loads. 

Compres- 
sion. 

Set. 

i 

Total. 

Per  sanare 
inoh. 

Bemarks. 

Poundi. 
5,000 
10,000 
20,000 
30,000 
40,000 
50,000 
5,000 
50,000 
60,000 
70,000 
80,000 
90,000 
100,000 
109,900 

Pounds. 

Inch. 

0. 

.0010 
.0025 
.0038 
.0049 
.0062 

Inch. 

.0025 

.0062 
.0075 
.0090 
.0112 
.0155 
.0240 
.0525 

757 

Ultimate  strongtb. 
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No.  154. 

Length,  16^M8. 

Oompressed  surface,  16'M4xl6".03=258.72  square  inches. 

Weight,  339  pounds. 

Total  thickness  of  piaster,  ''.03. 


Applied  loads. 


Pcundt. 

S,000 

10,000 

20,000 

80,000 

40,000 

50,000 

S,000 

50,000 

60,000 

70,000 

80,000 

90,000 

100,000 

5,000 

100,000 

110,000 

120.000 

130,000 

140,000 

150,000 

5.000 

150,000 

100.000 

170, 000 

IftO.OOO 

190.000 

200,000 

210,000 

220,000 


222,100 


Per  square 


sqnai 
aon. 


Compres- 
•ion. 


inol 


Poundi, 


Inch. 

0. 

.0008 
.0022 
.0040 
.0050 
.0062 


Set. 


Inch. 


Remarks. 


.0065 
.0075 
.0084 
.0005 
.0105 
.0115 


.0045 


.0128 
.0130 
.0140 
.0150 
.0170 
.0180 


868 


.0190 
.0200 
.0215 
.0242 
.0272 
.0310 
.0360 
.0450 
.0500 


.0940 
.1450 


.0072 


.0120 


TJltixnate  strenfcth. 

After  snstainiiig  maximum  load  5'. 

Craoks  now  appear. 

After  sustaining  maximum  load  lO'. 

After  sastaining  maximum  load  12'. 


Disintegration  took  place  rapidly  after  the  maximum  load  had  been 
sustained  twelve  minutes. 


186   TESTS  OF  IRON  AND  STEEL  AND  OTHER  MATERIALS. 

ISo.  155. 
Length,  16".U. 

Compressed  surface,  16'M2xl6".10=259.53  square  inches. 
Weight,  339^  pounds. 
Total  thickness  of  plaster,  ".10. 


Applied  loads. 

Compres- 
R^on. 

Jneh. 

0. 

.0010 
.  0020 
.0030 
.0040 
.0045 

.0047' 

.0052 
.0060 
.0068 
.0075 
.0080 

Set. 
Inch. 

Remarks. 

Total. 

Founds. 

5,000 
10,000 
20,000 
30,000 
40,000 
50,000 

5,000 
50,000 
60,000 
70,000 
80.000 
00,  000 
100.000 

Per  square 
inon. 

Poundt. 



.0020 





Cracks  in  night. 
Ultimate  strength. 

5,000 

.0035 

100,000 
110, 000 

.0085 
.0092 
.0105 
.0120 
.0132 
.0150 

120, 000 

130  000 

140, 000 

150,000 
5,000 

.0070 

150,000 

.0162 
.0180 
.0210 
.0260 
.0320 
.0400 
.0540 
.0820 

160,000 

170,000 

180.000 

190,000 
200.000 

210.000 

215, 000 

828 
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MOBTAB  AND  CONCBETE  CUBES  MADE  OF  NEWABK  COMPANY'S  BOSEN- 

DALE  CEMENT, 

The  cubes  were  made  iu  January,  1882,  and  were  twenty-two  months 
old  when  tested.     All  were  prepared  with  plaster-of-paris  bed  faces. 

The  mortar  cubes  and  one  of  each  size  of  the  concrete  cubes,  except- 
ing the  4",  were  tested  between  soft  pine- wood  cushions  loaded  perpen- 
dicuhirly  to  their  grain.  The  pine  cushions  varied  in  tliickness  from  J" 
to  1"  with  the  different-sized  cubes,  and  their  cross-section  dimensions 
were  twice  their  own  thickness  plus  the  size  of  the  cube  with  which  used. 

The  duplicate  concrete  cubes  were  tested  between  steel  cushions. 
Compression  measurements  of  the  latter  cubes  only  were  taken. 

The  manner  of  failures  between  pine  cushions  show  clearly  the  want 
of  uniformity  in  the  composition  of  the  mortar  and  concrete ;  also  a 
decided  loss  in  strength  where  so  tested.  The  resistance  of  the  pine 
cushions  to  crushing  or  indenting  perpendicular  to  the  grain  was  com- 
paratively uniform,  and  when  not  indented  uniformly  it  was  occasioned 
principally  by  the  inequality  in  strength  of  the  mortar. 

The  difference  in  depth  of  the  indentation  of  the  cushions- used  with 
8"  mortar  cube.  No.  90,  was  ".17;  with  the  concrete  greater  differences 
are  found. 

The  grain  of  the  cushions  under  opposite  ends  were  at  first  placed  in 
a  parallel  direction.  It  was  observed  that  the  compressed  surfaces  of 
the  cubes  cleaved  in  lines  parallel  to  the  grain  of  the  cushions,  the 
yielding  of  the  wood  influencing  the  manner  of  failure,  and  instead  of 
pyramidal  fragments  found,  as  when  tested  between  steel  cushions, 
these  cubes  were  broken  into  thin  layers.  When  the  grain  of  the  cush- 
ions on  opposite  ends  were  at  right  angles,  the  lines  of  cleavage  of  the 
cubes  were  at  right  angles,  following  the  grain  of  the  wood. 

Changing  the  direction  of  the  grain  of  the  cushions  had  no  apparent 
effect  on  the  strength  of  the  cube.  In  passing,  however,  from  wood  to 
steel  cushions  there  was  a  gain  of  24.5  per  cent,  in  the  average  resist- 
ance of  the  cubes. 

Comparing  the  strength  of  the  mortar  cubes,  4"  to  16",  inclusive, 
tested  between  wooden  cushions,  with  concrete  tested  between  the  same 
kind  of  cushions,  the  average  resistance  of  the  concrete  is  found  20.9 
per  cent,  above  the  mortar. 
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CRUSHING  STBmNGTS  OF  CUBES  OF  NEWARK  COMPANY'S  ROSENDALE 

CEMENT  MORTAR. 


(Compoeition— one  part  cement,  three  parte  sand.] 


Nominal  dimensiona. 


Actual  dimensiona. 


2"  onbe. 
do.. 


8e      4"  cube., 
87    do... 


Sectional 


Length. 


Inchet. 
2.07 


Compreaaed  anrfiEtoe. 

1_ 


88 


90 
91 


6"  cube.. 
do.. 


8'' cube., 
do.. 


92  10"' cube. 

93   do.. 


3.98  , 
4.05  ! 

5.96 
6.00 

7.95 
8.12 

10.00 
10.04 


Irukfm. 
2.00 
2.04 

3.88 
3.96 

5.93 
5.93 


2.02  , 
2.08  < 

4.00 
3.96 

I 
6.00 
5.96 


Sq. 


»*  i 
95 


12'' cube. 
do.. 


12.00 
11.90 


96  i  14"  cube. 

97  , do.., 

98  I  16"  cube. 

99   do.. 


13.90  , 
14.02  I 

moo  . 

16.04  I 


8.02 
8.10 


10.00 
10. 10  I 


12.00 
12.00 


14.00 
14.10 


16.00 
16.04 


&06  1 
&10  , 


10.10 
10.06 


12.04 
22.05  I 


13.98 
14.08 


16.00 
16.02 


4.04 
4.24 


16.0 
16.7 


3&6 
85.8 


64.0 
65.7 


101.0 
lOLO 


144.5 

144.6 


196.7 
198.5 


266.0 
257.0 


i 


^  I 


Gnahions. 


I  i"wood. 
...do  . 


i"wood. 
do  . 


.do. 
.do. 


I"  wood. 
do  . 


.do. 
.do. 


l"wood., 
do. 


.do  . 
.do. 


.do. 
.do. 


Thiokneaa 
of  plaster. 


Inch. 


.15 


1 

Ultimate  atrength. 

Cracks  in 
sight 

Weight 

Total 

PwMdt. 
6,680 
5,350 

Per  square 
inch. 

peroubie 
foot. 

Pound*. 
6.600 
4,700 

Pounds. 
1,668 
1,261 

PoundM. 
122L7 
119L0 

11,600 
11,850 

11,980 
12,100 

753 

771 

118.0 
1112 

28,060 
27,300 

29,100 
27.600 

817 
782 

114.8 
114.8 

45,100 
44,300 

45,300 
46,800 

701 
712 

1110 
112.0 

81,600 
71,700 

83,600 
108,000 

828 
1,063 

117.1 

iiai 

100,200 
91,400 

101, 000 
97,100 

699 
671 

114.1 
114.0 

132,000 
139,700 

136,500 
146,600 

697 
783 

117.7 
116.0 

140,000 
147,000 

167,000 
158,000 

613 
615 

114.6 
118.8 
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Table  showing  appearance  of  cushions,  and  remarks  upon  the  fract- 
ures of  the  cubes  in  the  foregoing  tests  of  Newark  Company's  Eosen- 
dale  cement  mortar. 


j'l 


I' 

o       Direction 

^  I  of  grain  of 

«  I  cnabiont.    I  Increase  | 

J3  I  in  width,  i 

CO    '  I 


Appearance  of  cathiona  after  the  teat. 


Reiuarke. 


-)   Remarka  upon  fractures  of  the 
I  cubes. 


In.\ 
84  I    2  I 


85| 
86  ' 


87  I    4 

88  I    6 

89  ;    8 

90  ,    8 

91  '    8 

92  !  10 
98  I  10 

94  '  12 

95  I  12 

96  I  14 

97  I  14 

98  I  16 

99  16 


Parallel... 


.do  . 
do. 


...do 

...do 

...do 

...do 

...do 

...  do 

Crosswise 

Parallel... 
Crosswise 

Parallel... 
Crosswise 
Parallel... 
Crosswise 


Inch. 
.06    .  06  I  Indented  to  a  depth  of  ".04  to 
.     ".09. 

.07    .  06  I  Indeuted  uniformly  ".03 

.16    .  08  I  Indented,  maximum  ".07,  mini- 
mum ".02. 
.06    .  16  I  Indented,  maximum  ".07,  mini- 
I      mum  ".01. 
f     .19     Indented,  maximum  ".04,  mini* 

j      mum  ''.01. 
0     0     i  Indented,  maximum  ".01,  mini* 
I      mum  ".00^. 
.14    .27  '  Indeuted,  maximum  ".18,  mini- 
I      mum  ".01. 
0     .  02  I  Indented,  maximum  ".02,  mini- 
mum ".01. 
.07    .  05  I  Ind<$nted,  maximum  ".07,  mini- 
mum ".07. 
.82    .  56  I  Indented,  maximum  ".22,  mini- 
mum ".15. 

.04  .  04  !  Indented,  maximum  ".03,  mini- 
mum ".02. 

.01  .  01  I  Indented,  maximum  ".03,  mini- 
mum ".Oli. 

.02    .08     Indented,  maximum  ".06,  mini- 
mum ".U2. 
.10    .60    Indented,  maximum  ".17,  mini- 
mam  ".04. 
0     .  04     Indented,  maximum  ".02,  mini- 
mum ".00|. 
0     .08     Indented,  maximum  ".03,  mini- 
mum ".01. 


Pj'ramidal  fragmeots. 

Do. 
Cleaved  in  lines  parallel  to  grain 
of  cushions. 
Do. 


Pyramidal  fi'agments. 


Do. 

Pyramidal  fragments ;  cleavage 
parall^  to  grain  of  cushions. 

Cleavage  on  each  compressed 
face  parallel  to  grain  of  cush- 
ions. 

Pyramidal  fragments. 

Pyramidal  fragments  with  cleav- 
age parallel  to  grain  of  onsh> 
ions. 

Sides  split  off  leaving  solid  core. 


Sides  split  off  leaving  solid  core 
of  sorter  material. 
Do. 
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CRUSHING  STRENGTH  OF  CUBES  OF  NEWARK  COMPANTS  ROSENDALE 

CEMENT  CONCRETE, 


[Composition— 1  part  cement,  3  parts  sand,  2  parts  gravel,  4  parts  broken  stone.] 


'      Ifominal 
I    dimensions. 


100 
101 


102 
108 


104 
105 


106 
107 


108 
109 


110 
111 


112 
113 


114 
115 


4-inch  cnbe . 
..  do 


6-inch  cnbe . 
...do 


18-inch  cube . 
...do    


Actnnl  diracnHinns. 


8-inch  cnbe  . . .  i 
...do ! 


lO'incb  cube . 
..  do 


12-inohcabe..' 
..  do I 


14-inch  onbe . 
..do 


10-inch  cube . 
..  do 


Inch, 
4.07 
4.02 

6.02 
6.12 

8.00 
8.02 

10.18 
10.10 

12.05 
12.00 

14.14 

14.04 

16.08 
16.00 

18.00 

laoo 


Inch. 
4.08 
4.06 

5.05 
6.02 

8.07 
8.02 

10.11 
10.11 

12.04 
12.06 

18.00 
14.09 

16.06 
16.05 

17.96 


Sectional 
area. 


Ineh. 
4.05 
4.07 


16.52 
16.52 


6.08 
6.09 

86.18 
86.66 

8.09 
8.05 

65.28 
64.56 

10.11 
10.04 

102.21 
101.50 

12.13 
12.04 

146.04 
145.20 

14.18 
14.05 

197.10 
197.96 

16.16 
16.10 

359.85 
258.40 

18.02 
17.62 

828.46 
817.16 

si 


100 
101 


102 

108 


104 
105 


106 
107 


108 
109 


110 
111 


112 
118 


114 
115 


Cnahlons. 


Thickness ;  Craoks  in 
of  plaster.       sight. 


I 
I 

tinch  wood.. I 
inch  wood...' 

i-ineb  wood..! 
Steel 

l-inob  wood..' 
Steel 

{-inch  wood..! 
Steel 

l-incb  wood..' 
Steel 

l-inob  wood..! 
Steel j 

1-inoh  wood..! 
Steel 

I 
1-inch  wood..! 
Steel I 

I 


Inch. 
.08 
.10 

.02 
.07 

.14 
.10 

.02 
.06 


.18 


.08    I 
.09    I 

.13 
.07 

.08 
.19 


184.000 
147,000 

180,000 
250,000 

220,000 
881,000 


intimate  strength. 

I    Weight 

I  percubio 
Per  sonare        foot, 
incn.       I 


Poundi. 
126.8 
126.8 

127.4 
127.1 

184.5 
180.1 

182.6 
180.7 

182.5 
184.9 

188.8 
131.2 

188.9 
186.1 

186.1 
187.1 
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Table  showing  appearance  of  cushions,  and  remarks  npon  the  frac- 
tures of  the  cubes,  in  the  foregoing  tests  of  Fewark  Company's  Eosendale 
cement  concrete. 


i 
§ 


JDirectlon 
of  grain  of 
caBhiooA. 


Appearance  of  cashlons  after  tbe  teet. 


Increase  i 
In  width. , 


\Tn.\ 
100  I    4  I  Parallel.. 


Inch. 
.07    .03 


101 


103  6 

104  I  8 

105  I  8 

106  I  10 

107  10 
106  12 


100 
110 


111 
112 


113 
114 


115 


18 


do 

.do 


Paraiw'.; 

•.«• 

.08 

Parallel... 

.11 

.12 

Parallel... 

.06 

.08 

Parallel... 

.08 

.30 

Parallel  .. 

.42 

.08 

Parallel... 

.60 

.60 

Bemarlca. 


Remarks  upon  fi^ctures  of  the 
cubes. 


Indented,  raaximum  ".18,  mini' 
mum  ''.01. 

.  25  Indented,  maximum  ".16.  mini* 
mum  ".02. 

.  10  In  dented,  maximnm  ".06,  mini- 
mum ".00^. 


Steel  cushions    

Indented,  maximum  ".30,  mini- 
mum ".05. 

Steel  onshioDs 

Indented,  maximnm  ".32,  mini- 
mum ".28. 

Steel  cushions 

Indented,  maximom  ".1 6,  mini- 
,05. 


i 


Steel  cushions 

Indented,  maximnm  ".16,  mini- 
mum ".01. 


Steel  cushions 

Indented,  maximum  ".12,  mini- 
mum ".OOi . 


Steel  cushions 

.  60     Indented,  maximnm  ".25,  mini- 


I  Steel  ousliions  . 


Failed  in  detail,  crushing  ftx>m 
one  side,  cleaving  in  lines  pai- 
allel  to  grain  of  cushions. 
Do. 

Pyramidal  fragments.  Com- 
pressed facAs  clearing  in  lines 
parallel  to  grain  of  cushions. 

Pyramidal  fraKments. 

Cube  crushed  m  detail. 

Pyramidal  fhigments. 
Do. 

Do. 

Pyramidal  fragments.  Com- 
pressed faces  showed  slight 
cleavage  parallel  to  grain  of 
cushions. 

Pyramidal  fragments. 

Compressed  faces  showed  slight 
cleavage  parallel  to  grain  of 
cushions. 

Pyramidal  Augments. 

Pyramidal  fragments.  Com- 
pressed faces  showed  slight 
cleavage  parallel  to  grain  of 
cushions. 

Pyramidal  fragments. 

Pyramidal  fragments.  Com- 
pressed faces  showed  slight 
cleavage  parallel  to  grain  of 
cushions. 

Pyramidal  fragments. 
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CONCRETE  CUBES  OF  NEWARK  COMPANY' 8  R08ENDALB  CEMENT. 

No.  107. 
Length,  KV'.ie. 

Compressed  snrface,  10'MlxlO''.04=101.50  sqaare  inches. 
Weight,  78  pounds. 
Total  thickness  of  plaster,  ".06. 


Applied  loads. 


ToUl. 


Per  sqaare : 
)      inch. 


Conipres 
sion. 


Set. 


Pound$. 
6.000 
10,000 
15,000 
20,000 
26.000 
80,000 
86,000 
40,000 
45,000 
60,000 
5,000 
60.000 
55,000 
60.000 
65.000 
70,000 
75,000 
80,000 
85,000 
90,000 
05,000 
100,000 
105,000 
110,000 
115, 000 
120, 000 


Pounds. 


Inch. 

0. 

.0010 
.0020 
.0030 
.0040 
.0048 
.0058 
.0066 
.0076 
.0082 


InOi. 


1,182 


.0088 
.0007 
.0110 
.0120 
.0140 
.0165 
.0180 
.0200 
.0230 
.0270 
.0320 
.0385 
.0600 
.0070 
.1000 


.0051 


Bemarks. 


Ultimate  strength. 


Surface  cracks  appeared  immediately  before  the  maximum  load  was 
reached. 
The  cube  crushed  into  pyramidal  shape. 
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No.  109. 
Length,  12''.00. 

Compressed  surface,  ]2'^06xl2'^04s=:  146.20  square  inches. 
Weight,  136  pounds. 
Total  thickness  of  plaster,  ^^02. 


Applied  loads. 

Compree- 
Bion. 

Set. 

Kemarlca. 

Totel. 

Per  sonare 
inoL 

Pounds, 
5,000 
10,000 
15,000 
20,000 
25,000 
80,000 
85,000 
40,000 
45,000 
50,000 
5.000 
50,000 
55,0(H> 
60,000 
65,000 
70.000 
75,000 
80.000 
85,000 
90.000 
95.000 
100,000 
5.000 
100,000 
105,000 
110, 000 
115,000 
120,000 
125,000 
130,000 
185,000 
140,000 
145,000 
160,000 
15.%  000 
l<iO,000 
161,600 

Pounds. 

Inch. 

0. 

.0010 
.0025 
.0085 
.0042 
.0052 
.0060 
.0070 
.0075 
.0080 

Inch, 

Cracks  dereloped 
Ultimate  strength. 

.0048 

.0062 
.0092 
.0100 
.0110 
.0120 
.0180 
.0140 
.0150 
.0160 
.0)75 
.0190 

.0125 

.0210 
.0225 
.0240 
.0250 
.0270 
.0394 
.0335 
.0368 
.0420 
.0480 
.0560 
.0680 
.0950 



"'*i,*ii3" 

Pyramidal  fragments. 
a.  Ex.  35 13 
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No.  HI. 
Length,  14'^04. 

Oom pressed  ^arfaoe,  14^^09  xl4'^05= 197.96  square  inches. 
Weight,  211  pounds. 
Total  thickness  of  plaster,  '^09. 


Applied  loads. 

Compres- 
sion. 

Bemarks. 

TotaL 

Per  Moare 
inon. 

Set. 

Pcundi. 
5,000 
10,000 
20.000 
30,000 
40,000 
50,000 
5.000 
50.000 
60,000 
70,000 
80,000 
90,000 
100,000 
5,000 
100,000 
110.000 
120,000 
180,000 
140,000 
147,000 
148,000 

Poundi. 

JfiM. 

0. 

.0015 
.0030 
.0042 
.0000 
.0070 

Inch. 

Craoks  in  sight 
Ultimate  strength. 

.0045" 

.0080 
.0082 
.0110 
.0125 
.0160 
.0200 

.0130 

.0220 
.0275 
.0350 
.0490 
.0720 

748 

.1870 
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No.  113, 
Length,  16''.00. 

Compressed  surface,  16'^05xl6'^]  0=258.40  square  inches. 
Weight,  325^  pounds. 
Total  thickness  of  plaster,  "S^l. 


Applied  loads. 


Total. 


Pcundi. 

5,000 

10,000 

20,000 

80.000 

40.000 

50,000 

5,000 

60,000 

80,000 

70.000 

80.000 

00.000 

100,000 

5,000 

100.000 

110.000 

120,000 

130,000 

140.000 

150.000 

5.000 

150,000 

leo.ooo 

170. 000 
IM.OOO 
190,000 
200.000 
210,000 
220.000 
230,000 
240.000 
250,000 
260,000 
268,400 


Per  square 
inch. 


FoundB, 


Compres* 
sion. 


Inch. 

0. 

.0012 
.0028 
.0035 
.0040 
.0048 


.0040 
.00A2 
.0062 
.0069 
.0075 
.0083 


.0090 
.0100 
.0110 
0120 
.0135 
.0160 


.0162 
.0176 
.0210 
.0235 
.0275 
.0825 


.0500 
.0605 
.0720 
.0922 


Sec 


Inch. 


.0042 


Bemarka. 


Cracka  in  sight. 
Ultimate  strength. 
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No.  116. 

Lengrth,  18". 

Compressed  surfnce,  18"xl7".62=317.16  square  inches. 

Weight,  455  pounds. 

Total  thickness  of  plaster,  'M9. 


Applied  loads. 

1 

Rem*rka. 

Total. 

Per  sq  aar« 
inoh. 

Compres-          g^^^ 

1 

Poundt. 
5,000 
10,000 
20,000 
40.000 
60,000 
60,  (H>0 

100,  two 

5,000 
100,  OUO 
120, 000 
140.000 
160,000 
180.000 
200,000 

5,000 

Poundt. 

Inch.      1       Inch. 
0.             



.0004           

.0015     --- 

.0040 
.0060 
.0072 
.0090 

.0045 

.0092 

.0105      

.  0120 
.0140 
.0162 
.0100 

.0100 

200.000 

'           .0212 

210  000 

.0220 
.0280 
.0240 
.U260 



Ultimate  8tren<rth. 

2^  000 

230,000 

240.000 

:;::::::;::: 

250,000 

.0290    I     --- 

260,000 

'.'...'.'.'.'.'.v. 

.  0.120 
.u360 
.0410 
.0455 
.  0520 
.0615 
.  0695 
'          .OSO-* 
,          .0030 

270,000 

280,000 
200.000 



300,000 

310, 000 



820  000 

330, 000 
331, 100 

i,'044 

MORTAR    AND    CONCRETE    COIiES    MADE 

CEMEST. 


OF    NATIONAL    PORTLAND 


The  cubes  were  made  in  January,  1880,  and  were  fort.\ -six  months 
old  when  teste<L 

The  bed  surfaces  were  fa<;etl  with  plaster-ofparis,  and  they  were 
tested  b<»tween  stet»l  cushions. 

Compression  measurements  were  taken  of  cubes  from  8"  to  16",  and 
recorded  in  the  det;uls  of  the  te^ts. 

The  averaffe  crusliingf  resistance  of  the  cubes  was  as  follows :  For  the 
mortar,  2,707  pounds  per  square  inch;  for  the  concrete,  3,067  pounds 
per  squiire  inch;  the  8trenf>th  of  the  concrete  exceeding  that  of  tke 
mortar  i:i.3  per  cent. 

Concrete  cube  No.  175  was  crushed  by  repeated  loadin^?.  It  sustained 
800,000  pounds  (maximum  load  of  the  testing  machine)  when  first  ap- 
plied with  but  slight  injury,  a  few  cracks  being  opened. 

The  second  a[)p1ication  of  800,000  pounds  increased  the  compression 
of  the  cube  from  ".0600  to  ".0665.  This  load  was  now  allowed  to  act 
ten  minutes,  which  farther  increased  the  compression  ".0087,  or  to 
''.0752  total  amount. 
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UDder  the  third  application  of  load  the  cube  was  compressed  ".0810, 
which  now  was  increased  to  ''.0120  while  the  load  was  acting  ten  min- 
utes, the  total  compression  amoanting  to  ''.0930. 

Eetnrning  to  the  initial  load,  5,000  ponnds,  the  temporary  set  was 
found  ".0650,  which  in  two  minutes  was  reduced  to  ".0535,  in  four  min- 
utes to  ".0532.     No  further  change  took  place  after  six  minutes'  rest. 

The  load  was  again  increased  the  fourth  and  final  time  to  800,000 
ponnds.  The  total  compression  was  at  first  ".1020,  which  increased  to 
",1210  in  two  minutes'  time,  when  the  cube  rapidly  failed. 


CBUSHING  STRENGTH  OF   CUBES   OF  NATIONAL    PORTLAND   CEMENl 

MORTAR. 


[Compoaition— 1  part  cement  paste,  8  parta  sand.] 


Nominal  dimenaiona. 


Actual  dimenaiona. 


Length.       Compreaaed  8aifao«. 


Sectional 
area. 


150 
157 


158 
159 


160 
161 


163 
163 


164 
165 


I 

4"cnba 4.00 

...do 4.05 

6"cnbe :  5.97 

..  do I  5.93 

8"  cube !  a  01 

...do '  8.13 

12"cnbe i  12.07 

..do I  12.10 

16"cnbe 16^22 

...do 16.12 

I 


Inehe$. 
4.03 
4.02 

6L02 
6.00 

8.08 
&01 

12.00 
12.02 

16.12 
16.04 


Inthet. 
4.04 
8.98 

5.90 
5.98 

&04 
7.90 

12.05 
12.00 

16.12 
16.08 


8q.  inches. 
16.28 
16.  CO 

36.06 
35.88 

64.96 
63.28 

144.60 
144.24 

259.85 
257.92 


166 
167 


158 
159 


160 
161 


163 
168 


164 
165 


CnBhion& 


I  Tbickneaa 
I  of  plaater. 


Steel. 
...do 

...do 
....do 

...  do 
...do 

...do 
do 

do 
do 


Inch. 
.11 


.12 
.06 


.12 
.12 


.05 


.02 
.08 


Ultimate  atrength. 


Cracka  in 
aight. 


Powndc. 
58.800 
52,600 

99.800 
91,200 

168,000 
150,000 

867,400 
845^600 

660,000 
•54,500 


Total. 


PoundM. 
58,800 
52,600 

99,800 
91,200 

168,000 
160,000 

857.400 
845^600 

•50,000 
664,600 


Per  aqnare 
Incb. 


PcundM. 
8,612 
8,287 

2,767 
2,542 

2,586 
2,870 

2,472 
2,896 

2,601 
2,588 


Weight 

per  cubic 

foot. 


P9wnd9. 
120.9 
119.9 

ll&l 
118.6 

117.9 
117.8 

128.8 
124.2 

116L0 
117.6 
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CRUSHING    STRENGTH  OF   CUBES   OF  NATIONAL  PORTLAND  CEMENT 

CONCRETE. 

[Composition— 1  part  cement  paste,  8  parts  sand,  and  8  parts  broken  stone.  J 


106 
107 


168 
169 


170 
171 


172 
178 


174 
17» 


Nominal  dimensions. 


Actual  dimensions. 


Length.       Compressed  snrfsce. 


Sectional 


4"  cube  . 
..  do.... 

6"  cube  . 
do  ... 

8"  cube  . 
...do.... 

12"  cube 
...do  ... 

16"  cube 
.  do  .. 


Inehsi. 
4.02 
4.04 

6.00 
5.00 

8.11 
8.18 

12.09 
12.10 

16.11 
16.36 


Ineket. 
4.04 
8.98 

Inehsi. 
4.00 
4.08 

Sq 

1 
1 

ineket. 
16.16 
16.04 

6L01 
6.97 

6.02 
6.97 

1 

86.18 
85.64 

8.04 
8.05 

7.99 
&08 

64.24 
64.64 

12.00 
12.00 


16.06 
16.17 


12.04 
12.03 


I&IS 
16.08 


144.48 
144.36 


2S0.37 
260.01 


166 

167 


168 
160 


170 
171 


172 
173 


174 
•175 


Cushions. 


Steel.. 
...  do. 

...do. 
....do. 

.  ..do 
..  do. 

...do. 
...do  . 

..  do  . 
...do. 


Thickness    Cracks  in 
of  plaster. '      sight. 


Ultimate  strength.     { 

Weight 

I  per  cubic 

Total,      i  ^"^ n^h  ***  !  ^"^^ 


Inch. 
.07 
.04 

.08 
.12 

.18 
.03 

.10 
.08 


.08 
.08 


Pounds.  I 

6.%  400  ' 

65.850  I 

87.950  I 

100,600  I 

196,500  I 
198,500 

366,500  I 

410,000  I 


Pounde. 
63,400 
65,850 

87.050 
100,000 

196,  .'MM 
193.500 

367.000 
410,000 


710,000    I      747.000 
800,000    I      800,000 


Paundt.  i 
8,923  ' 
4,105 

2.481 
2,828 

8.050 
2,994 

2,540 
2,840 

2,8flO 
8.077 


Pounds. 
139.6 
136.6 

187.8 
138.2 

142.6 
14a  5 

141.6 
141.9 

142L6 
144.7 


*  Crushed  after  repeated  loading  and  remaining  under  maximum  pressure  a  period  of  22  minutes. 
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No.  160. 
LeDgth,  S^'.Ol. 

Compressed  surface,  8^^.08x8^^04=64.96  square  inches. 
Weight,  35^  pounds. 
Total  thickness  of  plaster,  ^M2. 


Applied  loads. 

Comprea- 
don. 

Set. 

Remarkt. 

Toul. 

PerMoare 
incL 

PoundM. 

1,000 

6.000 

10,000 

20,000 

80,000 

Founda, 

Inch, 

0. 

.0008 
.0012 
.0020 
.0080 
.0038 
.0045 

Inch, 

Ultimate  strength. 

'        40,000 

60,000 

1,000 

60,000 

80,000 

70,000 

80,000 

90,000 

100,000 

1,000 

100.000 

110,000 

120.000 

130,000 

140.000 

160,000 

1.000 

160.000 

160.000 

168,000 



.0006 

;        .OMft 

.0065 
.0062 
.0071 

.0080 
.0090 

.0016 

.0005 
.0102 
.0112 
.0122 
.0188 
.0160 



.OOtt) 





.0160 
.0170 

2,686 
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No.  161. 
Length,  8".13. 

Compressed  sarface,  S'^Ol  x  7'^90=:63.28  square  inches. 
Weight,  35  pounds. 
Total  thickness  of  plaster,  ".12. 


Applied  loads. 

Compres- 
Bion. 

Set 

Beiaarka. 

Total. 

Per  sqaare 
inch. 

POttfMU. 

1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
60,000 
1.000 
50,000 

eo,ooo 

70,000 
80,000 
90,000 
100,000 
1,000 
100,000 
110,000 
120,000 
130,000 
140,000 
150,000 
1,000 
160,000 

Pounds. 

Ineh. 

0. 

.0030 
.0045 
.0065 
.0075 
.0088 
.0100 

Ineh, 

/ 

Ultimate  strength. 

.0032 

.0100 
.0110 
.0120 
.0130 
.0140 
.0152 

.0045 

.0158 
.0166 
.0180 
.0108 
.0220 
.0250 

.0090 

2,370 

.0310 
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No.  162. 
Length,  12''.07. 

Compressed  surface,  12''xl2^^05=144•60  square  inches. 
Weight,  125  pounds. 
Total  thickness  of  plaster,  ".08. 


Applied  loads. 

Conipres- 
sion. 

t 

1 

Total. 

Perranare 
Inch. 

Set.                                   Remarks.                            i 

Pounds. 
5,000 
10,000 
20,000 
40,000 
60,000 
80,000 
100,000 
5,000 
100,000 
120,000 
140,000 
160.010 
180,000 
200,000 
5,000 
200,000 
220,000 
240.000 
260.000 
280,000 
290,000 
300,000 
6,000 
300.000 
310,000 
820.000 
330,000 
840,000 
350,000 
357,400 

PottfUft. 

Ineh. 

0. 

.0010 
.0015 
.0023 
.0040 

Inch. 



.0048 

.0058 

.0029 

.0062 
.0070 
.0075 
.0082 
.0090 
.0102 

.0031 

.0102 
.0115 
.0125 
.0140 
.0156 

.0168 

.0178 



.0048 

.0180 
.0190 
.0200 
.0210 

.0242 
.0272 

2,472 

Ultimate  strength. 
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No.  163. 
Length,  12".10. 

Compressed  surface,  12'^02x  12'' =144,24  square  inches. 
Weight,  125^  poands. 
Total  thickness  of  plaster,  .05''. 


Applied  loads. 

Compree> 

SiOD. 

Set 

BeiiiArkf. 

TML. 

Per  aqiiare 
inoh. 

/ViMUto. 

6,000 
10.000 
20,000 
40,000 
60,000 
80.000 
100,000 

6,000 

:oo,ooo 

120,000 
140,000 
160.000 
180,000 

6^000 

220!000 
240,000 
260.000 
270,000 
280,000 

Poundt. 

iMh. 

0. 
.0002 

Inch. 

.0008 
.0020 
.0028 

.0038 
.0046 

.'ooio* 

.0046 
.0067 
.0068 
.0078 
.0090 
.0102 

.0022 

.0107 
.0120 
.0182 
.0160 
.0150 
.016R 
.0180 
.0100 

200,000 

800,000 
5.000 
800,000 
810.000 
8*20,000 
830,000 
840,000 

.0090 

.0106 
.0210 
.0220 
.0236 
.0260 
.0280 

846,600 

2,396 

PHOTOGRAPH  OF  FRACTURED  CUBE  OF  NATIONAL  PORT- 
LAND CEMENT  MORTAR  (No.  \6Z). 


S.  Ex.  35.  49,  I. 


TESTS   OF   IRON   AND   STEEL   AND   OTHER   MATERIALS.      203 


No.  164. 
Length,  16".22. 

<Jom pressed  sarface,  16'M2xl6^M2s=259.85  square  inches. 
Weight,  283  pounds. 
Total  thickness  of  plaster,  '^02. 


Comproft- 
•ion. 

Set. 

Bemark^. 

T««--       """toX" 

Pound§. 
5,000 
10  000 

Paundt. 

Inch. 

0. 

.0002 
.0002 

Ineh, 

20.000 

40,000 
OU  000 

.0008 
.0012 
.0020 
.0026 

80,000 

100,000 

6,000 

.oois 

100.000 
1JU,000 

.0028 
.0031 
.0037 
.0042 
.0048 

' 

140,000 

160,000 
180.000 
200.000 
6,000 
200.000 
220.000 
240,000 
200,000 
280,000 
800,000 





.0060 

.0025 

.0050 
.0060 
.0064 
.0070 
.0075 
.0080 

UltimAtesirength. 

6,000 

.0088 

800.000 

.0085 
.0090 
.0006 
.0102 
.0110 
.0116 

820,000 

840,000 

300,000 

880,000 

.0058 

400,000 

6,000 

400,000 

.6i20 
.0126 
.0182 
.0140 
.0150 
.0160- 

420,000 
440,000 



400,000 

480,000 



500,000 
6,000 

.0070 

500.000 
520,000 

.0165 
.0172 
.0181 
.0168 
.0202 
.0215 

640,000 



500,000 

560,000 

000,000 

5,000 

.0086 

000,000 

.0280 
.0285 
.0242 
.0260 
.0260 
.0272 

610,000 
620.000 

680,000 
640,000 

650,000 

isoi 
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No.  165. 
Length,  16'M2. 

Compressed  surface,  16''.04xl6".08= 257.92  square  inches. 
Weight,  283  pounds. 
Total  thickness  of  plaster,  ''.08. 


AppliCM 

Total 

lloads. 

Per  aqnare 
inch. 

Compres- 
sion. 

Set. 

1 

i 

Remarks. 

Pounds. 

5,000 
10,000 
20,000 
40,000 
80,000 
100,000 

5,000 
100.000 
140,000 
180,000 
200,000 

5.000 
200,000 
240,000 
280,000 
300,060 

5.000 
300,000 
340.000 
380.000 
400.000 

5.000 
400.000 
420,000 
440.000 
460.000 
480.0(i0 
500,000 

5,000 
500,000 
520,000 
540.000 
560,000 
580.000 
600,000 

5,000 
600,000 
610.000 
620,000 
630,000 
640,000 
650,000 
654,500 

Poundi. 

Inch. 

0. 

.0002 
0005 
.0013 
.0030 
.0035 

Inch, 

Ultimate  strength. 

.0015 

.0035 
.0050 
.0062 
.0070 

.0022 

.0070 
.0080 
.0004 
.0102 

.0082' 

.0102 
.0118 
.0132 
.0142 

.0042 

.0148 
.0152 
.0162 
.0171 
.0180 
.0190 

.0060 

.0198 
.0208 
.0220 
.0230 
.0242 
.0255 

.*0080" 

.0265 
.0275 
.0284 
.0292 
.6304 
.0880 

3,588 
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No.  170. 
Length,  8'Ml. 

Compressed  sarface,  8^^4x7^^99=64.24  square  inches. 
Weight,  43  poands. 
Total  thickness  of  plaster,  ^M3. 


Applied  loAda.        | 

RemarkB. 

Toul.       ^•iX'" 

Compret-         ^^ 

Poumd9,    ! 
1.000    ! 

PowmU. 

Inch. 

0. 

.0040 
.0046 

Intk. 

6,000    . 



10,000 

16,000 
20.000 
25,000 
1,000 
26,000 



.0067 

_  -   -. 

i 

80,000 

.0066 
.0070 

40,000 

60,000 

.0080 

ilooo 

60,000 

60.000 

70.000 

80,000 

90,000 

100,000 

1,000 

100,000 

-^  110,000 

120,000 

130,000 

140,000 

150.000 

160.000 

170,000 

180,000 

190.000 

196,600 

.0042 

.0C80 
.0085 
.0095 
.0102 
.0112 
.0120 



.0065 

.0126 
.0182 
.0145 
.6160 
.0175 
1          .  0106 



.  <r220 

!          .  0255 

1          .0300 

.0365 

.0480 

*    3.059 



: 

Ultimate  atrength. 
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No.  171. 
Length,  8'M8. 

GompresHed  surfacei  8'^05xS'^03=:64.64  square  inches. 
Weight,  43  pounds. 
Total  thickness  of  plaster,  ^'.03. 


Applied  loads. 

ConprM- 
aion. 

Bet. 

Remarks. 

Total.      ^^nX" 

PoundB.    !    Poumif. 
1  000 

Inch, 

0. 

.0010 
.0020 
.0032 
.0042 
.0052 
.0062 

Ineh. 

5.000 

10,000 

20,000 

80.000 

40.000 

50.000 

1.000 

50.000 

00,000 

70.000 

80.000 

90.000 

100,000 

1,000 

100,000 

110,000 

120,000 

180,000 

140.000 

150,000 

180,000 

170,000 

180,000 

190,  UOO 

193,500 

".'.'.'.'.'.'.".' 

.0020 

.0065 
.0072 
.0082 
.0^95 
.0110 
.0125 

UlUmete  ttreDgtb. 

.0048 

.0132 
.0150 
.0170 
.0200 
.0225 
.0250 
.0275 
.0810 
.0350 
.0415 
.0480 

i.«M 
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No.  172. 
Length,  12''.09. 

CompFeHsed  surface,'  12''x  12^^04=:  144.48  sqaare  inches. 
Weight,  143  pounds. 
Total  thickness  of  plaster,  'MO. 


Appltod  loads. 

KoBMrks. 

Total. 

Per  square 

^*Z.T          Sot. 

Ptmndt, 
5,000 

Potmd,. 

Inck. 
0. 

Ineh. 

Craekainiight. 
mtimato  strength. 

10.000 

.0010 
.0020 
.0032 
.0042 
.  0052 

20,000 
40.000 
00,000 

w.ooo 

100,000 
6.000 
100,000 
120,000 
140,000 
1      100,000 
180,000 
190,000 
200,000 
5,000 
200,000 
210,000 
220.000 
230.000 
240.000 
250.  OUO 
200,000 
270,000 
280,000 
290,000 
800  000 
5,000 
800,000 
810,000 
820,000 
880,000 
840.000 
850.000 
800.000 
805.500 
807,000 

.0005 

.0030 

.0005 
.0075 
.0085 
.0100 

.0125 

.0140 
.0156 

.*0090' 

.oio2 

.0180 

.0195 
.0220 
.0240 

.0200 
.0280 
.0800 
.0325 
.0846 



.0248  ■ 

.0872 

.0400 
.0420 
.0440 
.0472 
.0505 
.0540 
.0015 
.0070 
.0720 



8,540 
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No.  173. 
Length,  12'M0. 

Compressed  surface,  12^' x  12'^03=144.36  square  inches. 
Weight,  143^  pounds. 
Total  thickness  of  plaster,  ^^08. 


Applied  loAdt. 

Compre*- 
Bion. 

Set. 

'    Bemarlu. 

ToUL 

Pertaiutfe 
inon. 

Pounds. 
6.000 
10.000 
20.000 
40.000 
80.000 
80.000 

Pounds. 

Jneh. 

0. 

.0010 
.0028 
.0046 
.0068 
.0088 
.0078 

Inch. 

100,000 

6.000 

.0040 

100,000 

.0080 
.0087 
.0008 
.0108 
.0118 

1:.0, 000 

140.000 

180,000 

180.000 
200.000 
6,000 
200.000 
2-20.000 
240.000 
280,000 

.0180 

.0080 

1        .oiao 

.0140 
.0160 
.0170 
.0180 
.0200 

280.000 

800,000 

6,000 
300.000 
810.000 
320,000 
330,000 
340.  OUO 
360.000 
880,000 
370,000 
380.000 
890,000 
400,000 
410,  000 



.0100 



.0212 
.0222 
.0280 

.0242 
.0280 
.0275 
.0292 
.0312 
.0345 
.0380 
.0400 
.0500 



2,840 

TTltimate  strength. 

1 
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No.  174. 

Length,  16'M1. 

Compressed  sarface,  16''.06xl6".16=269.37  square  inches. 

Weight,  345  pounds. 

Total  thickness  of  plaster,  ".08. 


AppUed 


Total. 


!  Per  sqnare 


MDI 


Poundi. 

ft,  000 
10.000 
20.000 
40,000 
80,000 
100,000 

6.000 
100,000 
140,000 
1H0,000 
200,000 

5,000 
200,000 
240,000 
280,000 
800.000 

6,000 
800.000 
840,000 
880.000 
400.000 

6,000 
400,000 
420,000 
440.000 
480.000 
480.000 
600.000 

6,000 
600,000 
620,000 
640,000 
680,000 
680,000 
800,000 

6,000 
800,000 
610,000 
820,000 
640.000 
850.000 
880,000 
870,000 
880,000 
890,009 
700,000 
710,000 
720,000 
730,000 
738,000 
740.000 
747.000 


Poundi. 


Compres- 
sion. 


Set. 


0. 

.0002 
.0009 
.0018 


Inch. 


.0087 
.0060 
.0082 


.0020 


.0070 
.0080 


.0102  I. 


.0106 
.0120 
.0188 
.0148 


.0042 


.0162 
.0182 
.0170 
.0182 
.0198 
.0210 


SemsEks. 


.0220 
.0281 
.0245 
.0280 
.0278 


.0086 


.0188 


2,880 


.0840 
.0850 
.0865 
.0876 
.0890 
.0410 
.0486 
.0485 
.0502 
.0685 
.0680 
.0810 
.0710 
.0770 
.0820 


Cnoks  in  sigkt. 


UltiinAte  strength. 


S.  Ex.  35 14 
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No.  175. 
Length,  16".16. 

Compressed  surface,  16".l7xl6".08=260.01  sqaare  inches. 
Weight,  352  pounds. 
Total  thickness  of  plaster,  '^08. 


Applied  loads. 

ran 
Acn. 


Total. 


Per  raaare 
inch. 


— i  Compres-  I       a** 


Pound*. 

5,000 
10,000 
20,000 
40,000 
80,000 
100,000 

5,000 
100,000 
140,000 
180.000 
200,000 

5.000 
200,000 
240,000 
280,000 
300,000 

5,000 
800,000 
340.000 
380,000 
400.  COO 

5,000 
400,000 
440,000 
480,000 
500,000 

5,000 
500,000 
540,000 
580,000 
600,  OCO 

5.000 
600,000 
610.000 
620,  000 
630.000 
650,000 
660,000 
670,000 
680,000 
690,  UOO 
700,000 
710,000 
720,000 
730,000 
740,000 
750,000 
760,000 
770.000 
7hO,000 
700,000 
70.1,000 
800,000 

5,000 
100,000 
S00,000 
300,000 
400,000 
600,000 
600,000 
700,000 
800,000 

5,000 
400,000 
600,000 
700,000 


Fcunda.    I 


Ineh.  i 
0. 

.0005  . 

.0012  1. 

.0020  . 

.0080  '. 

.0039  I. 


Ineh, 


.0040 
.0050 
.0060 
.0065 


.0067 
.0075 
.0068 
.0092 


.0096 

.0110  , 

.0120  I 

.0130  I 


.0135 
.0160 
.0162 
.0175 


.0182 
.0202 
.0222 
.0240 


.0258 
.0268 
.0272 
.0280 
.0290 
.0300 
.0305 
.0315 
.0330 
.0348 
.0358 
.0365 
.0375 
.0390 
.0405 
.0430 
.0448 
.0465 
.0490 
.0510 
.0530 


.0380 
.0420 
.0450 
.0480 
.0510 
.0540 
.0600 


.0570 
.0610 


.0020 


.0080 


.0050 


.0068 


.0095 


Remarks. 


.0270 


.0820 


CFscka  in  tight. 
Do. 
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Applied  loadt. 


TotiiL 


PowidM. 


I  Per  aqaare 
I      incn. 


I   800,000^ 

I 
I 


5.000J 

100,000 
200,000 
300.000 
400.000 
500.000 
800,000 
700.000 


800,000 


5,000 

100.000 
290,000 
300.000 
400.000 
500,000 
600,000 
700,000 
800,000 


Paundt. 


Compma- 
aion. 


Inch. 
.0065 
.0092 
.0720 
.0730 
.0740 
.0762 


Set. 


Inch. 


Kemarks. 


.0500 
.0570 
.0610 
.0650 
.0680 
.0710 
.0740 
.0810 
.0850 
.0880 
.0890 
.0910 


.0416 
.0410 
.0405 
.0405 


8,077 


.0660 
.0720 
.0770 
.0812 
.0850 
,0885 
.0930 
.1020 
.1210 


.0550 
.0535 
.0532 
.0532 


I  Afccr  Bnstalninc;  load  2  minates. 
After  nastainiDg  load  4  minutes. 
After  santalDing  loail  6  mlnntes. 
After  auetainiDg  loncl  8  miDotea. 
After  auataining  load  10  minntea. 

After  2  minntee'  reat. 
After  4  mtnnteM'  reat. 
After  6  minates'  reat. 


After  anataining  load  2  mlnatea. 
After  8a8taining  load  4  minntea. 
After  aoMtainiDg  load  6  miniitea. 
After  aastalDlng  load  8  minutea. 
After  aaatainlng  load  10  minntea. 

After  2  minntea  reat. 
After  4  minntea  reat. 
After  6  minntea  reat. 


After  anataining  load  2  minntea  the  onbe 
then  rapidly  yielded  under  the  preaanre 
and  went  to  piecea. 


One  hoar  and  twenty  minates  elapsed  from  the  time  the  maximum 
load  of  the  testing  machine  (800,000  ponnds)  was  first  applied  and  the 
time  of  final  failure  of  the  cube. 
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5.— CBUSHIirO  STEEirOTH  OF  HAVERSTRAW  FEEESTOHE. 

CUBES  AND  PRISMS. 

These  specimens  were  taken  from  a  quarry  at  Haverstraw^K  Y.  The 
quarry  had  not  been  worked  for  some  time,  but  was  reopened  for  the 
purpose  of  obtaining  these  blocks,  this  stone  being  selected  from  its 
supposed  uniformity  in  strength  and  low  ultimate  resistance,  on  account 
of  which  the  series  could  be  carried  out  in  larger  blocks  and  not  exceed 
the  capacity  of  the  testing  machine. 

The  series  includes  cubes  from  1^'  to  12^',  advancing  by  inches,  and 
the  following  prisms: 

.4"x4"xl^2",  and3" 
8''x8"x2",  3",  4",  6",  6",  and  7". 

The  bed  surfaces  were  faced  with  plaster  of-paris,  and  tested  between 
steel  cushions. 

Compression  measurements  were  taken  with  cubes  8^^  and  larger. 

One  liy^  cube  and  three  12^'  cubes  did  not  fracture  under  the  maxi- 
mum load  of  the  testing  machine  (800,000  pounds),  and  the  prisms 
8"  X  8"  X  2''  also  exceeded  in  strength  the  power  of  the  testing  machine. 

The  10^'  cube  was  tested  with  three  neat  cement  prisms,  forming  pier 
No.  80J. 

The  three  12''  cubes  were  tested  together,  forming  pier  No.  260^. 

Pyramidal  fractures  were  generally  developed  in  the  tests  of  the  sin- 
gle cubes  and  prisms,  either  by  the  formation  of  single  or  double  pyra- 
mids, or  by  the  development  of  double  truncated  pyramids.  The  latter 
was  characteristic  of  the  short  prisms. 

The  average  resistance  of  the  different-sized  blocks  was  as  follows: 


Cabee. 


!  Per  square  { 
inoh. 


Prisma.    I 


Per  eqnare 


l_ 

I    Pounds, 

1-inoh  cubes l  7,038 

S-inohonbes !  8,004 

8-iiich  cubes 6, 245 

4-inoh  cubes 5,962 

5-lnch  cubes 1  «,487 

6-iiich  cubes 7,355 

7-liioh  cubes |  6, 166 

8-tiioh  cubes ,  6,272 

9-inch  cubes i  6,585 

lO-inch  cubes '  *6,584 

11-inch  culies 6,418 


squfl 
aon. 


tool 


//    //    //  ' 

4X4X1  I 
4X4X2 

4X4X8  1 

8X8X8  I 

8x8x4  ; 

8X8X5  I 

8X8X6 

8X8X7 


Pmmdt. 
16,428 
8,028 
6,678 
9,587 
8,550 
7,768 
6,584 
6,613 


*  Kot  InoludluK  Na  251. 

When  tested  as  a  pier  with  three  neat  cement  prisms  the  resistance 
of  10^'  cube  No.  251  was  6,566  pounds  per  square  inch. 

The  strength  of  pier  No.  260^,  composed  of  three  12''  cubes,  wite  5,222 
pounds  per  square  inch. 

The  principal  lines  of  fracture  of  the  latter  pier  opened  in  a  longitu- 
dinal direction,  passing  in  continuous  lines  through  the  three  cubes. 

A  pyramidal  formation  could  be  discerned  in  the  fragments  of  end 
cube  No.  258. 
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HAVEBSTRAW  FREESTONE  CUBES  AND  PRISMS. 

No.  241. 
Length,  7".99. 

Compressed  surface,  7".99x7''.99=63.84  square  inches. 
Weight,  39  pounds. 
Total  thickness  of  plaster,  M6. 


Applied  loads. 

Compree- 
sitii. 

Set. 

Remarks. 

TotaL 

Per  aoaare 

Poundt. 

5,000 

10,000 

20,000 

30,000 

40,000  . 

50,000 

5,000 

50,000 

00,000 

70,000 

60,000 

90,000 

100,000 

5,000 

100,000 

110.000 

120, 000 

180. 000 

140,000 

150,000 

5,000 

150,000 

160,000 

180.000 

200,000 

5,000 

200,000 

220,000 

240,000 

200,000 

280,000 

300,000 

810,000 

820,000 

880.000 

807,000 

P<mndt, 

Ineh, 

0. 

.0021 
.0062 
.0093 
.0112 
.0132 

Ineh. 

« 
nitimate  strengtli. 



.0055 

.0188 
.0150 

.0165 
.0170 
.0192 
.0205 

.0078 

.0210 
.0220 

.0230 
.0240 
.0250 
.0260 

.0090 

.0260 
.0270 
.0290 
.0310 

.*oio5 

.0815 
.0832 
.0355 
.0380 
.0410 
.0442 
.0460 
.0480 
.0495 



6,219 
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No.  242. 
Length,  S^'.OO. 

Gompressed  sarface.  8^'.05x8'M6=65.69  square  inches. 
Weight,  41J  poands. 
Total  thickness  of  plaster,  'M4. 


r 

!        Applied  loads. 

"""SST 

Set. 

Bemarks. 

1 

Total. 

Persooare 

'    Poundi. 
6,000 

PotMKlt. 

Ineh. 

0. 

.0015 
.0045 
.0092 
.0180 
.0155 
.0180 

Inch. 


Ultimftto  strength. 

10,000 

20,000 

1        40,000 

00,000 

80,000 

100,000 

5,000 

.0078 

100,000 

.0182 
.0205 
.0225 
.0250 
.0268 

120,000 

140.000 

1      100. 000 

160,000 
200.000 
6,000 
200,000 
220.000 
240,000 

.0110 

umimm 

260,000 

■      280.000 

800,000 

i      810, 000 

1      820,000 

^      880,000 

840,000 

i      350.000 
800,000 

870.000 

488,400 

0,074 
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No.  243. 
Length,  8''.00. 

Compressed  sarface,  8'^OOx  8^^03=64.24  sqaare  inches. 
Weight,  39f  pounds. 
Total  thickness  of  plaster,  '^07. 


Applied  loads. 

Comprec- 
aion. 

Set. 

Bemarks. 

Total. 

Persanan 
incli. 

Pounds. 
5,000 
10.000 
20,000 
40,000 
60,000 
80,000 

Pounds. 

Inch. 

0. 

.0022 
.0050 
.0090 
.0120 
.0148 
.0165 

Inch. 

100,000 

5,000 

100,000 

.0066 



.0170 
.0190 
.0210 
.0230 
.0250 
.0270 

120,000 

140, 000 

160,000 

180.000 
200,000 
5,000 
200,000 
220.000 
240,000 
260,000 
280,000 
800,000 
820,000 
340,000 
860.000 
370,000 
880,000 
888,000 

.0008 

.0275 
.0205 
.0815 
.0385 
.0860 
.0880 

' 

Ultimate  strength. 

.0402 
.0425 
.0460 

.0472 
.0488 
.0516 

6,040 

TESTS   OF   IRON   AND   STEEL   AND    OTHER   MATERIALS.       219 


No.  244. 
Length,  7''.96. 

Compressed  sarface,  8^^02x8^^02=64.32  sqaare  inclies. 
Weight,  39 J  poands. 
Total  thickuess  of  plaster,  '^08. 


Applied  loada. 

Compres- 
sion. 

Set. 

Bemarks. 

ToUL 

Per  square 
look. 

Pounds. 
5,000 
10,000 
20,000 
40,000 
60,000 
80,000 
100,000 
^000 
100,000 
120,000 
140,000 
100,000 
180.000 

Pounds. 

Jneh. 

0. 

.0012 
.0042 
.0082 
.0115 
.0145 
.0170 

IfUh. 

Sodden  yieldinff. 
Ultimate  strength. 



.0070" 

.0172 
.0190 
.0215 
.0240 
.0260 
.0280 

............ 

::::::::::;: 

6,000 

.0110 

200,000 

.0280 
.0800 
.0825 
.0348 
.0360 
.0372 
.0805 
.0425 
.0450 
.0462 
.04M) 
.0405 
.0510 
.0630 

220,000 

240.000 
200,000 
270,000 
280,000 
800,000 
820,000 
840,000 
350,000 
300,000 
870,000 
880.000 
887,000 
806,700 



6,108 
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No.  245. 
Length,  8''.96. 

Compressed  surface,  9''.07x8''.99=81.52  square  inches. 
Weight,  66  pounds. 
Total  thickness  of  plaster,  '^09. 


Applied  loads. 

Compres- 
sion. 

Set. 

Semarks. 

Total. 

Poundt, 

6,000 
40,000 
80,000 
100,000 

5,000 
100,000 
140,000 
180,000 
200,000 

5,000 
200,000 
240.000 
280,000 
800,000 

6,000 
800.000 
340,000 
880,000 
400,000 
470,400 

Per  square 

Poumto. 

Inch. 

0. 

.0005 
.0172 
.0220 

Inah. 

Ultlmato  strongth. 

.0110 

.0300 
.0875 
.0400 



.0220 

.0410 
.0400 

.0610 
.0582 

.0270 

.0542 
.0682 
.0825 
.0642 

5,770 
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No.  246. 

Length,  8".97. 

Compressed  surface,  9^^03x  9^^=81.27  sqaare  inches. 

Weight,  57|  pounds. 

Total  thickness  of  plaster,  ".05. 


AppU«d  loads. 

Compres. 
sion. 

Set 

Bemwks. 

T«*--    '"•toT" 

POfMUif. 

6,000 

Pound*. 

Inch, 

0. 

.0046 
.0080 
.0188 
.0160 

Inch. 

Crmoks. 
UMmato  strength. 

20,000 
40,000 
80,000 
100,000 

6.000 
100.000 
140.000 
180.000 
200.000 

^000 
200,000 
240.000 
280.000 
800,000 

6,000 
800,000 
840.000 
880.000 
400.000 

6,000 
400,000 
420,000 
440,000 
480,000 
480,000 
400,000 
600.000 
680,000 
668,000 

.0070 

.0182 
.0200 
.0240 
.0282 

.0100 

.0286 
.0300 
.0888 
.0880 

.0180 

.0866 
.0400 
.0440 
.0480 

.0180 

.0476 
.0400 
.0610 
.0630 
.0682 
.0682 
.0677 

6.889 
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No.  247. 
LeDgth,  9".0l. 

Compressed  surface,  ^.02  x  9".04=81.54  sqaare  inches. 
Weight,  57f  pouDds. 
Total  thickness  of  plaster,  ''.04. 


Applied  loads. 

Compres- 
sion. 

Set. 

Bemarks. 

Total. 

Per  square 
lD<ni. 

Pound9. 

Poundi. 

5,000 
20,000 
40,000 
80,000 
100,000 

5,000 
100,000 
200,000 

6,000 
200,000 
800,000 

5.000 
800,000 
340.000 
880.000 
400.000 

5,000 
400.000 
420,000 
440.000 
460,000 
480.000 
600,000 
520,000 
640.000 
650,000 
643,000 

Inch. 

0. 

.0052 
.0088 
.0150 
.0176 

Inch. 

:^" 

.0178 
.0280 

.0285" 

.0380 

.0122 

.0156' 

.0386 
.0420 
.0460 
.0475 

.0182 

.0488 
.0500 
.0516 
.0630 
.0648 
.0560 
.0680 
.0502 
.0605 

7.886 

intimate  streDfth. 
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No.  248. 
Length,  8".92. 

Compressed  surface,  8".99x9".01=81  sqaare  inches. 
Weight,  56^  pounds. 
Total  thickness  of  plaster,  ''.07. 


Applle. 
Total. 

1  loads. 

Per  square 
inch. 

Pound$. 

Comprea- 
sion. 

Set. 
Ineh, 

1 

1 
Bemarks. 

Pound*. 
5,000 

Inch. 

0. 

.0050 
.0100 
.0170 
.0200 

• 
Ultimate  strength. 

20,000 
40.000 



80,000 

100, 000 

5.000 

.0099 

100,000 
200,000 

6,000 
200,000 
800,000 

5.000 
800,000 



.0205 
.0345 



.0165 

.0850 
.0472 



.wis"' 

.0480 
.0500 
.0520 
.0540 
.0567 
.0688 

320.000 

840,000 

800,000 

880,000 

400,000 

5,000 

.0252 

400.000 

•  .0506 
.0610 
.0615 
.0635 
.0650 

410,000 



420,000 

440,000 

445,000 

5,484 

No.  249. 
Length,  10".0l. 

Compressed  surface,  10".02x9".96=99.80  square  inches. 
Weight,  79J  pounds. 
Total  thickness  of  plaster,  ''.06. 


Applied  loads. 

Compres- 
sion. 

Inch. 

0. 

.0056 
.0100 
.0180 
.0220 

Set. 

Bemarks. 

FoundM. 
5,000 

Pounds. 

Inch. 

Cracked. 

Ultimate  strength.    . 

20,000 
40.000 

...... ... ... 

80,000 

100,000 

5,000 

100.000 

.0130 

.0222 
.0300 

200,000 

6.000 

.0230 

200.000 

.0400 
.0510 

800.000 

5.000 

.0276 

300  000 

.0520 
.0600 

400,000 

5,000 
400.000 
440.000 
4^0.000 
600,000 
620,000 

.0300 

.0610 
.0635 
.0665 
.0685 

6.210 
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lifo.  250. 
Length,  WM. 

Compressed  surface,  10"x0".80=98  square  inohes. 
Weight,  77i  pounds. 
Total  thickness  of  plaster,  'MO. 


Applied  loads. 

Compres- 
sion. 

Ineh. 

0. 

.0088 
.0070 
.0120 
.0145 

1 
1      . 

Total. 

Paundt. 

5,000 
20.000 
40,000 
80,000 
100.000 

5.000 
100.000 
200.000 

5.000 
200,000 
800.000 

5.000 
800.000 
400.000 

5,000 
400,000 
440,000 
480.000 
500,000 

6.000 
500,000 
540,000 
680.000 
600.000 

5.000 
600,000 
620,000 
640,000 
650,600 

PerMmare 
Poundi. 

Set. 

Ineh, 

.0062 

.0148 
.0280 

.0080 

.0282 
.0805 

.0100 

.0810 
.0882 

.0117 


.0800 
.0420 
.0457 
.0478 

.0142 

.0486 
.0520 
.0560 
.0670 



.0178 

.0582 
.0615 
.0682 

6,638 

Ultimate  streo 

Remarks. 


Failed  suddenly  without  warning. 

After  fracture  it  was  found  the  cube  bad  a  stratum  of  coarser  material 
running  across  it,  parallel  to  the  bed  face. 
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No.  251. 
Length,  10"  M. 

Oompressed  surface,  W  x  9^^96=09.60  square  inches. 
Weight,  78J  ponnds. 
Total  thickness  of  plaster,  ^^09. 


22& 


.  Applied  loAdB. 

^ir- 

Set 

BemarkB. 

Total. 

VwmMTt 

Pwndi. 

6^000 
80,000 
40,000 
80,000 
100,000 

6,000 
100,000 
200,000 

6,000 
200,000 
300,000 

6,000 
800,000 
400,000 

61000 

*6!000 
800,000 
6.000 
770,000 
800.000 

PowUb. 

Jnek. 

a 

.0080 
.0088 
.0116 
.0182 

Ineh. 

."0048" 

.0187 
.0220 

.007] 

.8225 
.0800 

.0080 

.0806 
.0880 

.0116 

.0880 
.0476 

.0187 

8.082 

It  was  thought  that  another  repetition  of  the  maximnm  load  would 
have  caused  rupture. 

No.  262. 
Length,  10". 

Oompressed  surfiEMse,  W  x  9^^98  =  99.80  square  inches. 
Total  thickness  of  plaster,  ".09. 


Compwt. 
aion. 

8«t 

Bemarkt. 

Total. 

PerMoara 

Potmdi. 

6^000 

20,000 

40,000 

80,000 

100,000 

^000 

100.000 

200.000 

6.000 

ejoifo 

800.000 
400,000 

6,000 
400,000 
600,000 

6,000 
644,000 

Pounds. 

Ineh. 

0. 

.0040 
.0078 
.0136 
.0167 

Jneh, 

/ 

.0082 

.oioo 

.0260 

••••• 

.0086 

.0360 
.0826 

.0110 

.0828 
.0412 

.0182 

.0418 
.0520 

.0170 

6,468 

Gobe  had  strata  of  varying  coarseness. 
S.  Ex.  35 16 
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No.  253. 
Length,  10''.92. 

Compressed  sarfiace,  11^^05  x  11^^00=121.55  square  inches. 
Weight,  105  pounds. 
Total  thickness  of  plaster,  ^M2. 


AppUed  londi. 

ComprM- 
don. 

set       1 

1 

BemarkB. 

TotaL 

PerMOM-e 

Pi,und9, 

6.000 

40,000 

80,000 

100,000 

6,000 

100,000 

900.000 

8,000 

^ooo 

800,000 

400,000 

6,000 

400,000 

6,' 000 
600,000 
000,000 

6.000 
000,000 
770,000 
701,000 

Pwmdt, 

Jnek. 

0. 

.0079 
.0196 
.0159 

Ineh. 

.0076 

0164 
.0800 

"oiio" 

.0808 
.0840 

.0169 

.0660 
.0419 

.0176 

.0417 
.0486 

.0188 

.0489 
.0608 

.0890 

0676 

Ortoked. 

0,608 

No.  254. 
Length,  ir'.Ol. 

Compressed  surface,  IVMOx  10^^963=121.06  square  inches. 
Weight,  106^  pounds. 
Total  thickness  of  plaster,  '^07. 


Applied  liMid«. 

• 

Compree- 
aion. 

j 

Total 

PersoQMe 

Set.                                  BenuffkB. 

1 
i 

PotMuft. 

6,000 
40.000 
80.000 
100,000 

6,000 
100,000 
900,000 

6.000 
900,000 
800,000 

6,000 
800,000 
400,000 

6,000 
400,000 

1:1!!5 

500,000 
000,000 
6.000 
000.000 
770,080 
786,000 

Ptt^mdi. 

Inch. 

0. 

.0079 
.0199 
.0146 

in^      1 

Cnoked. 
Ultinutte  strength. 

.0000 

.0160 
.0940 

.0082 

.0949 
.0808 

.0106 

.0819 
.0880 

.oiio 

.0880 
.0460 

.0140 

.0466 
.0580 

.0156 

.0640 

8,469 

PHOTOGBAFH  OF  11  INCH  CUBE  OF  HAYEBSTBAW  FBEE- 
STONE  No.  256,  AFTEB  THE  TEST. 


S.  Ex.  35,  49.  «• 
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No.  255. 
Length,  W\97. 

Compressed  sarface,  ll'^00xll''.00=12r'.00  square  inches. 
Weight,  104}  poands. 
U  otsd  thickness  of  plaster,  'M)4. 


AppUed  loads. 

Compre*. 
aion. 

Set 

BrauffkB. 

Total. 

Persqiure 
Inoh. 

Foundt, 

6.000 
40,000 
80,000 
100,000 

6^000 
100,000 
200,000 

6.000 
200,000 
800,000 

6,000 
300.000 
400,000 

^000 
400,000 
600,000 

6,000 
600,000 
000,000 

6,000 
000,000 
778,000 
770,200 

Pounds. 

Inch. 

0. 

.0061 
.0146 
.0170 

Ineh. 

Cracked. 

.*bo8o" 

.0176 
.0270 

.0118 

.0272 
.0860 

.0140 

.0860 
.0420 

.0100 

.0426 
.0600 

.0178 

.0607 
.0676 

.0210 

.0680 

0,440 

No.  256. 
Length,  11''.02. 

Compressed  surface,  irM0xir^05=122.65  square  inches. 
Weight,  106}  pounds. 
Total  thickness  of  plaster,  ^M4. 


Applied  loada. 

Compres- 
Bion. 

Set. 

Bemarks. 

Total. 

PerMmare 
Inch. 

Pounds. 

6,000 
40,000 
80,000 
100,000 

6,000 
100.000 
200.000 

6,000 
200,000 
800,000 

6,000 
800,000 
400,000 

6,000 
400,000 
600,000 

5.000 
600.000 
600,000 

6.000 
000.000 
709,000 

Pounds. 

Inch. 

0. 

.0006 
.0120 
.0140 

Inch. 

intimate  strength. 

.0052 

.0140 
.0228 

.0078 

.0280 
.0800 

.0099 

.0810 
.0888 

.0182 
*0180 

.0392 
.0600 

.0510 
.0600 

.0220 

.0615 

6,270 
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No.  257. 
Length,  12".01. 

Gom  pressed  sarface,  12^^00  x  11^^95=143.40  square  inches. 
Weight,  139^  poands. 
Total  thickness  of  plaster,  .04. 


'  Applied  londi. 

Compre*. 
Bion. 

Set. 

S«nM-ks. 

TotaL 

PerMoare 
inch. 

PMMldt. 

5,000 
40,000 
80,000 
100,000 

5,000 
100,000 
300.000 

5,000 
200,000 
800,000 

5,000 
800,000 
400,000 

5,000 
400,000 
600,000 

6,000 
600.000 
OCiO.000 

5,000 
600,000 
700,000 

5.000 
700.000 
800,000 

5,000 

JPtnmdM. 

Jneh. 

0. 

.0005 
.0160 
.0185 

Inch. 

Cabe  did  not  fractaxe.    Tested  in  a  pier. 
SeeNo.260|. 

.'ooei"' 

.oio2 

.0282 

.'0116' 

.0288 
.0855 

.*d3«6" 

.0420 

.0185 

.0160 

.0425 
.0487 

.0482" 

.0555 

.0170 

.0188 

.0660 
.0620 

.0202 

.0632 
.0600 

5,679 

.0225 
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Wo.  258. 
Length,  12''.04. 

Compressed  sarfaee,  12^^00  x  12^^00=144.00  square  inches. 
Weight,  138  ponnds. 
Total  thickness  of  plaster,  ".19. 


AppUed  loads. 

Comprea- 
aioD. 

Set. 

Bemarks. 

TotaL 

Peraqoare 

PtolMHit. 

6,000 
40,000 
80,000 
100,000 

5.000 
100,000 
300,000 

6,000 
300;  000 
800.000 

5,000 
800,000 
400,000 

5,000 
400,000 

5^000 
500,000 
000,000 

6^000 
000,000 
700.000 

5,000 
700^000 
800,000 

5,000 

PounOi. 

Ineh. 

0. 

.0000 
.OUO 
.0180 

IfUh, 

Cnbe  did  not  fraotua.    Taata 

MaNo.300|. 
After  one  hour  reat 

itta 

.0050 

.0180 
.0306 

.0070 

.0810 
.0885 

.0088 

.0870 
.0830 

.0006 

.0830 
.0870 

.0110 

.0870 
.0480 

.0138 

.0440 
.0500 

.0150 

i«i" 

.0610 
.0585 

.0180 
.0173 
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No,  259, 

Length,  12''.00. 

Compressed  surface.  Il'^96xl2''.00==143.62  sqaare  inches. 

Weight,  135J  pounds. 

Total  thickness  of  plaster,  '\20. 


AppUed  loads. 

Compres- 
aion. 

Set 

Bemarka. 

Total. 

^vsr* 

Poundt. 

fi,000 

10,  r>oo 

^0,  (JOO 

IOC,  000 

&,  coo 

100,  (HlO 

200,000 

5,000 

aoo,ooo 

306,000 

.'^,  MIO 
3iJ0,  COO 
400,  COO 

5,000 
4fio,  {K)0 
fiOO,  OOO 

5,000 
£00,000 
600,000 

A,  000 
000,000 
700,000 

&,  000 
700,000 
740,000 
764,000 

Potmdi. 

Ineh, 

a 

.0102 
.0170 
.0192 

Inch, 

Ultimate  atrengtk. 

.0090 

.0200 
.0288 

.0120 

.0390 
.0865 

.0142 

.0855 
.0420 

.0180 

.0420 
.0485 

.0180 

.0490' 
.0560 

.0200 

.0670 
.0868 

.0226 

.0076 
.8717 

0,828 

» 

1 
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^0.260. 
Length,  12".01. 

Compressed  surface,  1^^96xl^^90= 142.82  square  inches. 
Weight,  135|  pounds. 
Total  thickness  of  plaster,  'M3. 


Compres- 
Bion. 

Set 

BemarkB. 

TotoL 

Per  sqnftre 
inon. 

Pmmdt. 

5,000 

40,000 

80,000 

100,000 

5,000 

100,000 

900,000 

5,000 

900,000 

"Sooo 

800,000 

400,000 

5,000 

500,000 

5;  000 
500,000 
800,000 

5,000 
600,000 
700.000 

5,000 
700,000 
800,000 

5^000 

Powndt, 

0. 

.0060 
.0000 
.0110 

Inch. 

Cube  did  not  frMtore.   Tooled  tai  a  plw. 
8eeVo.260|. 

.0085 

.  oii2 

.0185 

.0052 

.0188 
.0248 

.0065 

.0250 
.0800 

.0078 

.0805 
.0865 

.0085 

.0860 
.0420 

.0008 

.0435 
.0485 

.0U5 

.0600 
.0665 

8,«21 

.0140 

i 


O 
H 

» 

O 

w 
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H 
W 
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X 
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fro.260i. 

[Snpplementftry  tMt  of  12"  oabea,  Nob.  257,  268.  uid  200.    Tested  a»  »  pier.] 

Length,  36^^06. 

Sectional  area,  143.24  square  inches. 

Total  thickness  of  plaster,  "M. 


Applied  loAdB. 

Compiee- 
eion. 

Set 

Bemarkt. 

TotaL 

'"•LST' 

Potnulf. 

8,000 

40.000 

80.000 

100^000 

8^000 

100.000 

200,000 

5;  000 

200. 080 

800.000 

8.000 

5;  000 
400.000 

8;  000 

800. 000 
8.000 
800,000 
700,000 
6,000 
700.000 
748,000 

Poundi. 

Inch, 

0. 

.0210 
.0850 
.0416 

Jneh. 

• 

Cnok  A  in  aigbt. 
Ultimate  etreagflu 

.0086 

" 

.0422 
.0688 

.0042 

.0688 
.0806 

.0080 

.0806 
.0042 

.0080 



.0048 
.1076 

.0006 

.1080 

.mo 

.0112 

.1220 
.1870 

.0160 

.1400 

6,228 

Failed  suddenly  under  the  maximum  pressure,  with  a  loud  report 
There  was  slight  warning  at  745,000  pounds  pressure  of  approaching 
failure,  as  indicated  by  more  rapid  compression  of  the  pier. 
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KANAWHA  FHEE8T0NE  AND  BBICK  PIERS. 

The  brick  piers  are  bniltof  common  hard  North  Biver  brick,  and  were 
22  months  old  when  tested.  The  dimensions  of  the  bricks,  8^^  x  3^^^  X  2^. 
Oomposition  of  mortar,  1  part  Newark  Company's  Bosendale  cement,  2 
parts  sand. 

CRUSHING  STRENGTH  OF  CUBES  OF  VIRGINIA  KANAWHA  FREESTONE. 


Ko.  of 

tMt. 

Seetionelaiea. 

Length. 

Compreeeed  snrikMe. 

176 
177 
178 

2"oiibe 

JndUff. 
100 
102 
102 

In€h$9. 
101 
100 
1.06 

JndUt. 
100 
108 
1.86 

4.02 
4.04 
184 

do  

do 

Kaof 

tMt. 

Ciuhloiit. 

Howteet- 
ed. 

Cnoksin 
■Iglit. 

Ultimate  etienfcth. 

^?i?i5r 

ToteL 

Persqaue 
inch. 

176 

177 
178 

Steel  

On  bed.... 

do 

Oned<A 

Pkmndf. 
87.100 
86,800 
88^800 

PkMMUU. 

87,100 
88^800 
88,800 

PkMMUlt. 

8,228 
$628 
8,684 

Fmm4», 

154.4 
U8L8 
147.5 

...do.  

....a©  

CRUSHING  STRENGTH  OF  BRICK  PIERS. 


No.  of 
teet. 

Homlaiadlmenelone. 

\1tf^ 

Helfflit.indadlng 
eapendboee. 

78 
78 
60 
81 
88 
88 

Inoku, 

2142 

2106 
2156 

2180 
28.22 
21.86 

InehM. 
12  X  12 
12  X  12 
12  X  12 
12  X  12 
12  X  12 
12x  12 

1 

....do 

118 
111 
118 
112 
lU 
118 

....a© 

....do 

....do 

....do 

No.  of 

teoi. 

AetuddlmenekMie. 

Beetionel 
area. 

UltiiniiteitNiifClL 

Helfflitof 
btloKwork. 

CnwMeotion. 

TotiO. 

^•isr* 

P«jjj«. 

78 
78 
60 
81 
88 
88 

16L48 
16L68 
16.88 
16L25 
1187 
1188 

Im/ohM. 
U       X  12 
1L80  X  12 
U       X  12 
U       X  12 
12       X  12 
1L76  X  12 

144 

1418 
144 

144 
144 
141 

Poimdf. 
281,000 
260.000 
260.000 
288,060 
260.000 
251,006 

FvmdB. 
1081 
1.881 
1^606 
1,844 
1,786 
1,780 

fViw. 
1416 
181 
180 
140 
185 
1218 
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ft— BBIOK  PUBS. 

'So.  78. 


SEi(%40| 
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m**  brick  pier,  wiih  hluesUme  cap  and  ha§e. 

Total  height,  22'\42. 

Thickuess  of  blnestoue— cap,  2''.80;  base,  3^^20. 
Weight  of  brick-work,  164  poands. 
Weight  per  cubic  foot.  113  pounds. 
Sectional  area,  12^' x  12^^=144  sqaare  inches. 
Gauged  length,  22^^42. 

Bluestone  cap  and  base  came  to  fair  bearing,  except  at  two  comers 
one  end,  which  were  packed  with  '^006  sheet  brass. 


Applied  loads. 

Cmnpret- 
non. 

Set. 

Bemarki. 

ToUL 

'nX" 

Pound$. 
6,000 
10,000 
20,000 
30.000 
40,000 
60.000 
6,000 
60.000 
00,000 
70,000 
80,000 
90,000 
100,000 
5,000 
100,000 
110,000 
120,000 
180,000 
140^000 
160,000 
6.000 
160,000 
100.000 
170,000 
180.000 
190.000 
200,000 
6,000 

220^000 
240,000 
200,000 
280,000 
291,000 

Pwndi. 

Inch. 

0, 

.0020 
.0050 
.0076 
.0100 
.0120 

Jn«*. 

Feint  snepping  eoniids. 

• 

.0022 

.0120 
.0140 
.0166 
.0176 
.0192 
.0216 

""."0040* 

.0220 
.0288 
.0266 
.0276 
.0298 
.0822 

.0082 

.0882 
.0852 
.0870 
.0898 
.0480 
.0400 

.0100 

.0480 
.0640 
.0016 

.0900 

2.021 

238       TESTS   OF   IBON  AND   STEEL  AND   OTHEB  liATEBIALS. 

No,  79. 
12f'  brick  pletf  wUk  frZuettoiM  oap  and  Inue. 

Total  height,  22''.08. 

ThicKoess  of  blaestone— cap,  2'^80;  base,  2^^75. 

Weight  of  brick- work,  151  ponnds. 

Weight  per  cubic  foot,  111  pounds. 

Sectional  area,  ir^90xl2^^sl42.8  square  inches. 

(Gauged  length,  22'^a8. 


Compres- 
•ton. 

Set 

Bemarki. 

Totia. 

inoki. 

Pwndi, 

6,000 

10,000 

20,000 

80,000 

40,000 

60,000 

6,000 

60,000 

80,000 

70,000 

80,000 

90,000 

100,000 

6,000 

100.000 

110,000 

120,000 

180,000 

140,000 

160,000 

6,000 

160,000 

180,000 

170,000 

180,000 

190,000 

200,000 

m     6,000 

^200.000 

220,000 

240,000 

PMmdf. 

Inch. 

0. 

.0020 
.0060 
.0080 
.0108 
.0182 

Jnek. 

.0080 

.0188 
.0180 
.0180 
.0204 
.0280 
.0262 

.0060 

.0200 
.0278 
.0802 
.0880 
.0362 
.0876 

.0081 

.0888 
.0406 
.0480 
.0400 
.0486 
.0680 

.0182 

.0662 
.0000 
.0720 
.0040 

1,881 
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No.  80. 
1^'  MckpieTf  wUk  klmeiUme  cap  wtd  ha$$. 

Total  height,  22''.58, 

Thickness  of  blnestone^-oap,  2'^75 ;  base,  3''.50. 

Weight  of  brick-work,  154  ponnds. 

Weight  per  cabic  foot,  113  ponnds. 

Sectional  area,  12*'xl2'^^lM  square  inches. 

Cktnged  length,  22" M. 


▲ppltodlMda. 

CompiM* 
•ton. 

Set 

Bmnwln. 

TotaL 

PerMnwe 

PoiMMlff. 

8,000 

10,000 

20^000 

80,000 

40.000 

50.000 

6.000 

60,000 

60,000 

70,000 

80.000 

90,000 

100.000 

8,000 

100.000 

110,000 

iii^ooo 

180,000 
140,000 

6,000 
150,000 
180,000 
170,000 
180,000 
100,000 
200,000 

6,000 
200,000 
210.000 
220.000 
280.000 
240,000 

200,000 

PotMHb. 

JfMft. 

0. 

.0086 
.0060 
.0102 
.0126 
.0160 

Inch. 

Softpplng  ■oimdsi  no  crMkiin  tlgfai. 
CnekB  in  light  in  tliTM  oonnet. 
mtimnte  Urcnfth. 

.*004i"* 

.0152 
.0170 
.0182 
.0210 
.0280 
.0262 

.0062 

.0200 
.0880 
.0288 
.0820 
.0600 
.0880 

.0112 

.0402 
.0428 
.0460 
.0480 
.0632 
.0666 

.0108 

.0600 
.0020 
.0602 
.0720 
.0790 
.0880 
.1090 

1.WI 
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ISTo.  81. 

W^  hriok  pioTf  with  hl«e$ione  cap  and  hoie. 

Total  height,  22'^50. 

Thickness  of  blaestone— <»p,  2^^75;  base,  3'^50. 

Weight  of  brick-work,  152  poands. 

Weight  per  cabic  foot,  112  pounds. 

Sectional  area,  12''x  12^^=144  sqoare  inches. 

Gauged  length,  22'^50. 


CompTM- 
sion. 

Set 

Bemarkt. 

ToteL 

Permnuffd 

6^000 

10,000 

20,000 

80,000 

40,000 

50.000 

6,000 

60,000 

60,000 

70,000 

80,000 

90,000 

100,000 

6,000 

100,000 

110,000 

120,000 

180,000 

160,' 000 
6,000 
160,000 
160,000 
170,000 
180,000 
190,000 
200,000 
6,000 
200,000 
210,000 
220,000 
280,000 
240,000 
250,000 
260,000 
270,000 
280,000 

PouimU. 

Jneh. 

0. 

.0020 
.0042 
.0062 
.0060 
.0100 

Inch. 

SiiApping  Mnnds. 

CnekB  in  slcl^t  in  two  oounes. 

tntiiDate  strength. 

.0020 

.0100 
.0116 
.0180 
.0150 
.0170 
.0190 



.0080 

.0190 
.0210 
.0280 
.0250 
.0270 
.0295 



.0060 

.0810 
.0880 
.0362 
.0870 
.0400 
.0480 

.0092 

.0460 
.0485 
.0512 
.0560 
.0600 
.0650 
.0746 
.0870 
.0990 

1,944 
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is  O.  82. 

12^^  brick  pierj  with  bluesione  cap  and  base. 

Total  height,  23".22. 

Thickuess  of  blaestone — cap,  S'MO;  base,  4'M6. 

Weight  of  brick- work,  148  pouuds. 

Weight  per  cubic  foot.  111  pounds. 

Sectional  area,  12"xl2"=144  square  inches. 

Gauged  length,  23.22. 

The  bluestone  cap  was  loose  before  testing. 


AppUed  loads. 


Tot»l. 


POUTUU. 

5,000 

10,000 

20,000 

30,000 

40,000 

50,000 

5,000 

50,000 

60.000 

70,000 

80,000 

90.000 

100,000 

5,000 

100,000 

110,000 

120. 000 

130,000 

140,000 

150,000 

5,000 

150,000 

100,000 

170.000 

180,000 

190,000 

200,000 

5,000 

200,000 

210,000 

220,000 

230,000 

240.000 

250.000 


I  Per  Bqnare 
inch.      I 


Pounds. 


Compres- 
sion. 


Inch. 

0. 

.0040 
.0095 
.0132 
.0160 
.0102 


Set. 


Inch. 


Remarks. 


.0195 
.0220 
.0245 
.0270 
.0295 
.0320 


.0072 


.0330 
.0.350 
.0375 
.0410 
.043d 
.0470 


.1    .0110 


.0490 
.0510 
.0540 
.0570 
.0610 
.0660 


1,736 


.0740 
.0785 
.0842 
.0015 
.1130 


.0160 


Third  course  beKlns  to  flake  off. 


(GeDeral    development    of    longitudinal 
S    oraoks. 


Ultimate  strengtli. 


S.  Ex.  35- 
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No.  83. 
12^'  brick  pier  mth  hlueatone  cap  and  hose. 

Total  height,  21''.98. 

Thickness  of  bluestone— cap,  3''.00;  base,  3".10. 

Weight  of  brick  work,  147  pounds. 

Weight  per  cubic  foot,  113  pounds. 

Sectional  area,  ll".75xl2".00=141  square  inches. 

Gauged  length,  2l''.98. 


Applied  loads. 

Comprea- 
8ion. 

Inch. 
0. 
.      .0030 
.0060 
.0080 
.0102 
.0120 

Set. 

Bemarks. 

Total. 

Persqaare 
inch. 

Pounds. 

6.000 
10.000 
20,000 
30.000 
40,000 
50,000 

5,000 
50.000 
60.000 
70.000 
80.000 
90,000 
100,000 

5,000 

Pounds. 

Inch. 

Xntimate  strengtlL 

.0022 

.mo 

.0140 
.0160 
.0180 
.0205 
.  0225 

.0040 

100,000 



.  023.^ 
.0252 
.0275 
.0302 
.0330 
.0860 

no.  000 



120,000 

130,000 

140,  000 
150,000 

5,000 
ISO,  000 
100,000 
170,000 
180,000 
190,000 
200,000 

5.000 
200,000 
210,000 
220,000 
230.000 
M0.000 
250,000 
251,000 

.0080 

.0372 
.0400 
.0432 
.0470 
.0510 
.0650 

0.148 

.0590 
.0682 
.0700 
.0760 
.0870 
.0990 
.1090 

1,780 



DIAGRAMS  OF  COMPRESSIVE  STRENGTH      . 

OF 

CEMENT,  MORTAR,  CONCRETE,  AND  FREESTONE 
CUBES  AND  PRISMS. 
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7.— C0MP£E88I0V  OP  TE£BA  COTTA. 

(For  General  M.  C.  Meigs,  Saperrising  Engineer  and  Architect,  Washington,(D.  C] 

No.  1. 
Form  of  tpeMmm,  tcitk  approximate  dimcn»ion$. 


15.10 


Light  colored  block. 

Weight,  64^  pounds. 

Sectional  area  (approximate),  156  square  inches. 

Tested  between  white-pine  cushions  2"  thick,  made  of  inch  boards, 
with  the  grain  crossing. 

At  28,000  pounds  load,  cracks  opened  at  one  edge. 

Ultimate  strength',  535,400  pounds  =  3,432  pounds  per  square  inch. 

The  cracks  observed  at  28,000  pounds  did  not  increase  in  length  as 
loads  were  added,  till  300,000  pounds  had  been  reached.  At  this  time 
the  block  was  very  generally  shelling  off  at  the  edges. 

From  300,000  pounds  to  the  maximum  load,  failure  in  detail  was  con- 
tinually going  on. 

No.  2. 

[Same  form  as  No.  1. 1 

Dimensions  of  block, 

Onteide  diameter inches..  15.80 

Diameter  at  bottom  of  fluting do....  15.50 

Diameter  of  core do....  5.00 

Length do 5.55 

Weight pounds..  68i 

Sectional  areii  (approximate) square  inches..  173 

Tested  between  2"  pine  cushions,  in  the  same  manner  as  No.  1. 

At  47,000  pounds  pressure  a  surface  fire  crack  was  enlarged,  and  ex- 
tended along  the  length  of  the  block. 

Ultimate  strength,  592,300  pounds  =  3,424  pounds  per  square  inch. 

No  decided  injury  to  the  block  was  apparent  till  about  400,000  pounds 
pressure  was  reached,  when  it  began  to  flake  off  at  edges. 

Under  480,000  pounds  there  was  sudden  yielding,  which  it  immedi- 
ately recovered  from;  with  this  exception,  the  disintegration  of  the 
block  proceeded  gradually  till  the  maximum  load  was  reached. 
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1^0. 13. 
Terra  Cotta  Column. 

Golamn  composed  of  eight  terra  cotta  sections,  each  aboat  5^''  long, 
and  with  flated  outside  surface,  the  outside  diameter  of  the  terra 
cotta  being  about  15^'^  These  sections  were  cemented  together  and 
covered  with  cement,  making  the  total  external  diameter  16''.60. 

Form  of  specimen. 


€U4m.        -♦ 


cement 
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Weight,  671  pounds. 

SectioDal  area  (gross),  195.18  square  inches. 

The  ends  of  the  post  were  fitted  with  circular  cast-iron  plates  1^ 
inches  thick,  16.60  inches  diameter.  The  outer  faces  of  the  cast-iron 
plates  were  convex  about  one-tenth  of  an  inch. 

To  secure  a  better  distribution  of  load,  brass  packing  was  used  be- 
tween the  cast-iron  plates  and  the  flat  compression  platforms  of  the 
testing-machine. 

Compression  measurements  were  taken  in  30  inches  gauged  length, 
equidistant  from  the  ends  of  the  post. 

Nails  driven  into  the  cement  shell  afforded  a  resting  place  for  the 
points  of  the  micrometer  gauge. 


Applied  loads. 


T.^  '^'yr" 


Poundi. 

10.000 

20,000 

80,000 

40,000 

SO,  000 

10,000 

00,000 

70,000 

80,000 

00.000 

US),  000 

10,000 

110,000 

120.000 

130. 000 

140.000 

145,000 


172,000 


Poundt. 


Comprea* 

ftiOD. 


Set 


Remarks. 


Inch, 

0. 

.0010 
.0020 
.0034 
.0049 


I  Inch, 


.0064 
.0082 
.0100 
.0115 
.0138 


.0185 
.0188 
.0215 
.0248 


.0004 


.0012 


Cemeot  coTeiinff  flaked  off  15  per  eent.  of 
surface  of  terra  cotta,  micrometer  dis- 
turbed. 

Ultimate  strength. 

Cement  covering  continued  to  flake  off, 
exposing  to  view  longitadinal  cracks  in 
the  terra  cotta  sections. 


Pressure  continued,  longitudinal  seams  opening  in  the  terra  cotta 
sections,  while  the  load  gradually  fell  to  160,000  pounds,  when  the  test 
was  discontinued. 


8.— CAST  lEOH,  STEEL,  AND  BBOHZE. 

GUN  SPECIMENS. 

Steel  from  jacket  band  and  trunnion  ring  for  3'^2  gan. 

Cast  iron  from  trial-cylinder  for  12"  mortar. 

Cast  iron  from  12"  mortar. 

Steel  from  hoops  for  12"  mortar. 

Steel  from  tube  for  8"  breech-loading  rifle. 

Steel  from  hoops  for  8"  breech-loading  rifle. 

Steel  (Whitworth)  from  tube  of  Mann  gun. 

Cast-iron  from  breech  disc  10"  wire-wound  gun. 

The  following  kinds  of  tests  have  been  made :  Tension,  compression, 
crushing,  transverse,  tangential  or  bursting  and  hardness. 

The  tensile  specimens  were  cylindrical,  with  the  exception  of  four 
rectangular  bars  taken  from  12  inch  mortar  hoop  Bex. 

The  cylindrical  bars  had  threaded  ends  for  securing  them  in  dies, 
which  dies  were  clamped  in  the  hydraulic  jaws  of  the  testing  machine. 

Their  lengths  given  in  the  details  of  the  tests  are  for  the  parts  cylin- 
drical, or  from  neck  to  neck. 

Bectangular  bars  were  clamped  directly  in  the  hydraulic  jaws. 

Micrometer  readings  were  taken  of  the  elongations  and  sets  within 
the  gauged  length,  or  the  distance  from  neck  to  neck  of  the  specimen. 
These  readings  were  recorded  in  ten  thousandths  of  an  inch.  When 
near  the  close  of  a  test  the  micrometer  was  removed,  to  avoid  injury 
when  the  bar  broke.  The  elongations  from  this  point  to  the  close  of 
the  test  were  taken  with  common  dividers,  measuring  to  the  nearest 
hundredth  of  an  inch.  In  the  report  these  measurements  are  reduced 
to  elongations  and  sets  per  linear  inch  of  the  specimen. 

In  a  similar  manner  micrometer  readings  were  taken  of  the  compres- 
sion specimens ;  in  this  case  employing  a  gauged  length  from  one  to  two 
inches  shorter  than  the  length  of  the  specimen. 

The  transverse  bars  were  supported  at  the  ends,  and  loaded  at  the 
middle.  Deflections  and  deflection  sets  were  taken  at  the  middle  of  the 
bar,  and  are  reported  as  they  were  measured  in  ten  thousandths  of  an 
inch. 

Th^  modulus  of  rupture  for  cylindrical  bars  was  computed  by  the 

formula  R=-^ 

Where  P=load  in  pounds. 

i= length  in  inches  between  supports. 
;r=3".14I6. 
r=radiu8  in  inches. 
The  tangential  or  bursting  tests  were  made  with  cylinders  5"  long-, 
3"  outside  diameter,  and  1"  bore. 

They  were  tested  in  the  attachment,  of  which  a  drawing  is  shown. 
This  attachment  consists  of  a  reservoir  and  piston,  three  studs,  and  a 
base  plate. 

The  reservoir  is  mounted  over,  and  held  at  a  fixed  distance  from  the 
base  plate  by  the  studs.  Between  the  reservoir  and  base  plate  is  placed 
the  test  cylinder.    Cylindrical  projections  enter  the  bore  of  the  test 
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cylinder  at  either  end ;  that  from  the  reservoir  is  perforated  with  a 
'^"  hole,  2^"  long,  through  which  communication  is  established  with 
the  reservoir  chamber  and  the  bore  of  the  test  cylinder.  The  plug  at 
the  opposite  end  is  solid. 

Both  cylinder  and  reservoir  are  charged  with  the  straining  fluid.  The 
piston  of  the  reservoir  is  loaded,  and  forces  the  straining  fluid  through 
the  T^"  hole  into  the  cylinder.  By  employing  a  straining  fluid  capable 
of  x>erfect  transmission  of  pressure,  the  pressure  which  acts  upon  the 
piston  will  be  the  pressure  in  the  reservoir  chamber,  also  in  the  test 
cylinder  less  the  amount  of  the  packing  friction  of  the  piston. 

The  attachment, it  is  seen,  keeps  the  length  of  cylinder  underpressure 
constant  throughout  the  test. 

The  hardness  of  the  metal  is  determined  by  means  of  the  indenting 
tool,  shown  by  the  drawing,  employing  indenting  pressures  of  10,000 
pounds,  according  to  the  method  thus  described  by  Major  Wade,  U.  S. 
A.,  in  his  report  on  the  strength  and  properties  of  metals  in  the  manu- 
facture of  cannon : 

"The  comparative  softness  or  hardness  of  metals  is  determined  by  the 
bulk  of  the  cavities  or  indentations  made  by  equal  pressures;  the  soft- 
ness being  as  the  bulk  directly,  and  the  hardness  as  the  bulk  inversely. 

"  The  form  of  the  indenting  part  of  the  tool  is  a  pyramid ;  the  sides  and 
opposite  angles  of  its  base  are  equal.  The  longest  diagonal  of  it«  base 
is  1  inch;  the  shortest  .2;  and  the  height  of  the  pyramid  is  .1.  The 
planes  of  the  sides  intersect,  at  the  penetrating  edge,  at  an  angle  of  90o. 
The  unit  of  measure  adopted  in  representing  the  indentations  is  one- 
tenth  of  an  inch. 

"The  area  of  the  base  of  the  indenting  tool= — 21il=i0  square  tenths, 

and  its  height  being  1,  the  cubic  content  of  the  pyramid  is  3.333  tenths. 
A  pressure  of  10,000  pounds  on  the  base  of  the  pyramid  makes  an  in- 
dentation, in  the  softest  metals  used  in  guns,  about  9  tenths  long.  The 
maximum  indentation  of  the  instrument,  3^  cubic  tenths,  is  therefore 
assumed  as  the  type  of  extreme  softness,  and  is  the  0  of  hardness." 

^^  Example  of  the  method  of  computation, 

"Length  of  indentation =7.5. 

"Then,  as    length    10^ :  3.333:: (7.5)3 :  1.406==bulk;   and,  inversely, 
(7.63)  .  3.333::  103 .  7.001= hardness. 
"Or,  by  logarithms: 

"For  bulk,  3.333 log..   0.5228787 

Divided  bj  109=1000 log..  3.0000000 

Constant  log.  for  bulk 3.5228787 

Length  of  indentation  (7.5)3 log..  2.6251839 

Bnlk=1.406 0.1480626 

Forhardnew,  10» log..  3.0000000 

Multiplied  by  3.33,3 0.5228787 

Constant  log.  for  hardness 3.5228787 

Divided  by  length  (7.5») log..  2.6251839 

Hardne88=7.901 0.8976948" 

The  discrepancy  between  Major  Wade's  description  of  this  method 
of  determining  hardness  and  his  examples  of  the  method  of  computation 
will  be  readily  seen. 
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The  hardoess  of  specimtsDS  given  in  this  report  follows  the  examples 
given,  hence  the  results  are  comparable  with  earlier  tests. 

The  behavior  of  the  metal  in  12"  mortar  hoop  Bex,  requires  special 
comment. 

From  this  hoop  were  cut  three  rings,  and  small  cylindrical  specimens 
taken  from  each  ;  alho  from  the  first  and  second  rings  larger  rectangu- 
lar bars  were  obtained.  Advantage  was  taken  of  the  size  of  the  rect- 
angular bars,  and  their  tests  were  made  in  a  more  exhanstive  manner 
than  is  possible  with  small  specimens. 

The  preparation  of  the  rectangular  bars  was  as  follows: 

After  the  small  specimens  M.  Bex  1,  2,  3,  and  4,  and  M.  Bex  5  and 
6  were  cut  out,  the  remaining  (nearly  semicircular)  pieces,  which  made 
the  rectangular  test  pieces,  were  heated  light  red  (no  scale),  and 
straightened  underpressure;  and  bars  I^os.  Ill  and  112,  marked  B,  T., 
in  addition  to  other  distingui8hing  marks,  were  retempered  and  an- 
nealed. 

The  bars  were  dressed  in  the  planer  to  the  finished  sizes.  The  cen- 
tral section  of  each  was  reduced  in  width  a  length  of  30" ;  on  this  30" 
section  were  placed  three  micrometers;  one  instrument  covering  the 
entire  length,  one  covering  10"  from  the  neck  towards  the  middle  of  the 
bar,  and  one  covering  15"  from  the  opposite  neck  towards  the  middle 
of  the  bar. 

In  this  manner  the  bar  was  divided  into  three  sections  of  5, 10,  and 
15"  length,  and  the  elongation  in  each  of  these  sections  determined. 

It  seldom  happens  that  a  metal  is  found  so  nearly  uniform  in  strength 
that  there  is  no  appreciable  difference  in  the  elastic  limit  of  one  sec- 
tion over  another  in  the  same  bar. 

By  means  of  micrometer  measurements  on  different  sections  this  be- 
havior can  be  shown.  Examining  the  record  of  each  bar  we  find  that 
specimen  No.  1 10,  which  had  been  straightened  hot,  but  not  retempered 
and  annealed,  passed  .the  elastic  limit  of  section  A  (30")  at  45,000 
pounds  per  square  inch.  The  total  permanent  set  after  this  load  was, 
".0005  in  30",  and  of  this  amount  ".0002  was  confined  to  section  C  (15"), 
and  none  in  section  B  (10") ;  hence  ".0003  was  in  the  5"  section  between 
sections  B  and  G,  in  the  immediate  locality  where  fracture  finally  occurred. 

At  47,000  pounds  per  square  inch,  the  stretching  had  extended  into 
section  G,  and  the  elastic  limit  of  that  part  of  the  bar  was  then  passed. 
At  49,000  pounds  per  square  inch,  the  elastic  limit  of  section  B  was 
reached. 

Under  50,000  pounds  per  square  inch  tension,  the  rapid  stretching 
which  had  previously  been  extending  into  section  G,  now  changed  its 
direction  and  took  place  more  rapidly  in  section  B. 

The  total  permanent  sets  are  now — 

Inch. 

Section  A 1121 

Section  B 0455 

Section  C .' 0331 

6"  section  between  B  and  O,  by  difference  ".0335. 

This  disposition  to  stretch  most  in  the  vicinity  of  where  the  bar  after- 
wards fractured  continued  through  the  test. 

The  contracted  areas,  measured  after  70,000  pounds  per  square  inch 
tension,  are  in  harmony  with  the  elongation  measurements,  in  showing 
the  maximum  contraction  and  elongation  are  confined  to  the  same  sec- 
tion of  bar. 

Longitudinally  this  bar  is  seen  to  vary  in  strength ;  bars  are  also  met 
which  vary  in  strength  in  their  transverse  section,  examples  of  which 
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are  found  in  the  manner  of  failure  of  bar  No.  1 11,  and  also  in  the  behav- 
ior of  bar  No.  112  during  the  test. 

The  appearance  of  the  fracture  of  bar  No.  110  is  granular,  radiating 
from  a  dull  smoky-colored  center.  Generally,  although  not  invariably, 
when  a  steel  bar  fractures  with  a  radiated  appearance,  the  center  of 
radiation  marks  the  point  where  the  fracture  began. 

Test  of  bar  No.  111. 

This  bar  was  straightened  hot,  then  retempered  and  annealed. 

Elongations  were  taken  with  three  micrometers  as  in  the  preceding 
test.  The  elastic  limit  was  tirst  passed  in  section  C,  at  40,000  pounds 
per  square  inch;  increasing  the  load  the  metal  in  this  section  was 
stretched  1.2  per  cent,  at  41,400  pounds  per  square  inch,  when  the  elas- 
tic limit  of  section  B  was  reached. 

The  load  on  the  bar  was  increased  to  41,690  pounds  per  square  inch, 
which  it  sustained  a  period  of  3  minutes;  stretching  in  section  B  gradu- 
ally going  on  in  the  mean  time;  then  the  load  suddenly  tell  to  39,070 
pounds  per  square  inch,  as  stretching  proceeded  rapidly.  The  elonga- 
tion had  now  reached  .31  per  cent,  in  section  B,  while  the  metal  in  sec- 
tion 0  remained  practically  unchanged. 

Stretching  continued  under  reduced  loads,  and  when  41,690  pounds 
per  square  inch  was  again  reached  the  stretch  was  .5  per  cent. 

It  will  be  observed  that  the  metal*  in  section  0  has  stretched  over 
twice  and  a  half  the  amount  of  the  stretch  in  section  B,  and  yet  did  not 
develop  the  peculiar  behavior  of  the  latter  section. 

The  metal  in  each  section  continued  to  elongate  until  45,000  pounds 
per  square  inch  tension  was  reached,  when  the  metal  in  section  B  again 
elongated  mpidly,  accompanied  by  a  sudden  fall  of  the  load  to  43,140 
pounds  per  square  inch.  After  recovtring  from  this  fall  in  load,  the 
stretch  was  regular  for  the  remainder  of  the  test. 

The  contraction  after  60,000  pounds  per  square  inch,  is  seen  to  range 
from  2.9  to  3.8  per  cent,  at  different  points. 

The  bar  fractured  in  section  C,  where  rapid  stretching  first  took  place. 

The  manner  of  failure  showed  the  strength  of  the  bar  to  vary  in  its 
transverse  section,  as  fracture  began  at  one  ei\ge  (the  inner  edge  of  the 
hoop)  and  gradually  separateil  about  one-third  the  metal,  which  had  a 
fine  silky  appearance;  the  balance  of  the  fracture  took  place  suddenly, 
and  had  a  granular  appearanc/C,  radiating  from  the  silky  portion  of  the 
fractured  surface. 

The  metal  along  the  silky  edge  stretched  'MO  less  before  rupture  than 
the  opposite  edge. 

Test  of  bar  No.  112. 

This  bar  was  straightened  hot,  then  retempered  and  annealed. 

Elongations  were  taken  with  three  micrometers,  as  in  the  preceding 
test. 

The  elastic  limit  of  section  A  was  passed  at  41,000  pounds  per  square 
inch,  the  elastic  limit  of  section  B  at  42,000  pounds  per  square  inch. 

The  load  now  fell  to  38,526  pounds  per  square  inch,  while  rapid 
stretching  took  place  in  section  B;  thus  showing  the  behavior  observed 
in  the  other  retempered  annealed  bar. 

When  the  load  had  recovered  to  42,000  pounds  per  square  inch  the 
elastic  limit  of  section  C  was  passed.  Increasing  the  load  1,000  pounds, 
to  43,000  pounds  per  square  inch,  the  load  fell  a  second  time.  On  this 
occasion  the  rapid  stretching  occurred  in  section  C. 
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The  load  was  increased  to  46,000  poands  per  square  ineh,  when  it 
again  fell,  going  to  43,230  pounds  per  square  inch,  from  which  it  recov- 
ered to  43.480  pounds  per  square  inch,  and  again  fell  off  to  42,510 
pounds  per  square  inch,  the  metal  in  section  B  yielding  on  these,  the 
third  and  fourth  occasions. 

The  remainder  of  the  test  was  not  marked  by  further  behavior  of  this 
kind.  Another  peculiarity,  however,  was  shown.  The  stem  did  not 
draw  straight  between  the  heads  of  the  bar  during  the  progress  of  the 
test  with  loads  above  the  elastic  limit,  notwithstanding  the  heads  were 
rigidly  clamped  in  the  jaws  of  the  testing  machine,  so  that  no  move- 
ments at  the  ends  occurred. 

The  bar  was  examined  after  the  first  rapid  stretch  hail  taken  place 
and  the  load  hail  recovered  to  40,100  pounds  i>er  square  inch.  It  was 
now  concave  ".005  along  the  inside  edge  (D  E)  of  the  hoop. 

After  the  second  rapid  stretch,  and  while  sustaining  40,340  pounds 
per  square  inch,  the  stem  was  again  examined,  and  now  found  concave 
along  the  inside  edge  at  en^  B  and  convex  along  the  same  edge  at 
endC. 

Sectional  areas  and  ordinates  were  measured  after  the  fourth  fall  of 
the  load.  The  contraction  of  area  was  greatest  at  end  B,  near  the 
neck,  no  contraction  having  yet  taken  place  at  the  middle  of  the  stem. 
This  contraction  at  the  ends  would  make  the  bar  appear  convex  on  all 
its  faces,  if  otherwise  uninfluenced. 

The  ordinates  show  the  bar  sufficiently  out  of  line  to  counteract  the 
influence  of  unequal  contraction  and  make  it  concave  along  the  outside 
edge  of  the  hoop,  and  also  show  the  distortion  took  place  unequally 
along  the  different  lines. 

From  this  time  till  the  close  of  the  test  the  points  of  maximum  con- 
vexity and  contrary  flexure  were  observed  to  shift  their  position  alon^ 
the  length  of  the  stem,  as  the  metal  in  one  part  of  the  bar  yielded  more 
readily  than  adjacent  portions. 

Test  of  bar  No.  113. 

This  bar  was  straightened  hot,  but  not  retempered  and  annealed. 
The  elastic  limits  of  the  different  sections  were  as  follows: 

Poanda  per  square  inch. 

Section  A 47,000 

Section  B 50,000 

Section  C 50,000 

This  bar  developed  the  same  peculiarities  just  before  its  rupture 
which  were  observed  in  the  retempered  and  annealed  bars  immediately 
after  they  had  ])assed  their  elastic  limits ;  i,  6.,  the  load  would  fall  and 
the  bar  continue  to  stretch  under  loads  below  that  which  it  had  pre- 
viously sustained. 

Remarks  on  the  tangential  test  of  cast-iron  cylinder  XI,  pa^e  — . 

The  first  test  of  the  cylinder  was  made  with  a  mixture  of  beeswax  4, 
tallow  1,  as  the  straining  fluid. 

The  total  volume  used  was  6.71  cubic  inches,  of  which  3.06  cubic 
inches  were  in  the  bore  of  the  test  c^iinder  and  3.66  cubic  inches  in  the 
reservoir  chamber.  • 

Loads  were  gradually  applied  to  the  piston  and  its  movement  meas- 
ured as  it  entered  the  reservoir;  also  the  expansion  of  the  external 
diameters  of  the  cylinder  for  each  increment  of  load. 
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The  diameters  were  taken  id  one  plane  and  at  intervals  of  V\ 

Witli  10,000  pounds  per  sqaare  inch  on  the  piston  the  middle  diame- 
ters of  the  cylinder  were  perceptibl3'  larger.  This  enlargement  of 
diameters  continued  as  higher  pressures  were  applied,  but  in  a  man- 
ner indicating  there  was  not  perfect  transmission  of  pressure  from  the 
reservoir  to  the  cylinder. 

The  diameters  should  have  increased  more  rapidl3^  as  the  elastic 
limit  of  the  cast  iron  was  passed,  but  up  to  30,000  pounds  per  square 
inch  on  the  piston  the  maximum  enlargement  of  diameter  only  reached 
".0018. 

Under  higher  pressure  the  cylinder  was  covered  with  canvas,  and 
removed  when  returning  to  the  initial  load  for  the  purpose  of  deter- 
mining the  permanent  set«.  102,910  pounds  per  square  inch  were  ap- 
plied to  the  reservoir  piston,  causing  a  permanent  set  in  the  cylinder 
at  the  middle  diameter  of  ".0021.  At  the  reservoir  end  the  diameter 
was  increased  ".0005,  while  at  the  lower  end  there  was  no  appreciable 
expansion. 

The  cylinder  was  removed  from  the  attachment  and  the  ;^"  hole  at 
the  bottom  of  the  reservoir  chamber  sealed. 

The  piston  was  then  loaded  and  its  movement  measured. 

Comparing  the  piston  movement  with  both  chambers  in  communica- 
tion, and  with  the  reservoir  alone,  we  form  this  table. 


I 


Piston  niovttiuent  vrith — 


Loads  per  I  Iteservoir  and  cylinder  i 
'  square  inch  '  connected.  j 

I   on  piston. 


Reservoir  alone. 


Total      ,  Successive 
movement  movement. 


1,000 
10.000 
15,  OUO 
20,000 
30,000 
40,000 
50,000 
00,000 
77,610 


Inch. 
0. 

.145 
.230 
.275 
.360 
.420 
.470 
.520 
.590 


Jfwh, 
0. 

.145 
.085 
.045 
.085 
.000 
.050 
.050 


Total       Successive 
movement,  i  movement. 


Inch.      I 

.060     : 
.100 
.130    I 
.180    I 
.230 
.270    ' 


.070    !. 


Inch.  ' 

0.  I 

.060  I 

.040 

.030  ' 

.050  ; 

.050    I 
.040    I 


The  successive  piston  movements  when  reservoir  and  cylinder  are 
connected  show  a  decided  change  at  30,000  pounds  per  square  inch. 
From  this  load  onward  the  rate  of  movement  corresponds  closely  with 
the  piston  movement  when  the  reservoir  alone  was  used. 

The  piston  movement  in  the  latter  case  represents  chiefly  the  com- 
pression of  the  wax  and  tallow,  and  from  the  correspondence  in  piston 
movement,  it  is  inferred  that  the  flow  of  wax  through  the  ^q-  inch  aper- 
ture from  reservoir  to  cylinder  nearly  ceased  with  a  load  between  30,- 
000  and  40,000  i>ound8  per  square  inch  on  the  piston ;  and  although 
over  100,000  pounds  per  square  inch  was  applied,  the  wax  refused  to 
flow  through  the  ^^-  inch  hole  when  the  difference  in  pressure  at  the  two 
ends  amounted  to  about  60,000  pounds  per  square  inch. 

That  the  wax  did  not  transmit  the  pressure  beyond  a  certain  amount, 
is  further  shown  by  the  behavior  of  the  cylinder  when  charged  with 
water.  A  pressure  of  37,210  pounds  per  square  inch  was  applied, 
which  caused  a  permanent  set  in  diameter  of  ".0034,  against  the  perma- 
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neDt  set  of  ^^0021  when  wax  was  used,  with  102,910  pounds  per  square 
inch  on  the  piston. 

Copper  checks,  with  the  lips  brought  to  a  thin  edge,  made  good  joints 
when  wax  and  tallow  was  used  in  the,  cylinders.  Leather  cup-shaped 
packings,  re  enforced  with  copper  checks,  were  employed  for  sealing 
water,  oil,  and  glycerine. 

Leather  alone  wa«  found  capable  of  sealing  water  underpressures 
above  78,000  pounds  per  square  inch  on  a  piston  closely  fitting  the  bore 
of  a  stout  cylinder.  When  the  cylinder  is  to  be  strained  beyond  its 
elastic  limit,  a  copper  check  of  triangular  cross-section  placed  behind 
the  leather  (as  shown  by  the  sketch)  proved  effectual  in  preventing  the 
leather  packing  from  blowing  out. 


:Fus^ay^ 


Mje^e7*$^otT' 


Slh^^  (^'^tri^te^ 


SEx35491 


^eTZiSrz^arz. 


Ccxm^T^etSiSZa-rv^ 


SEx35491 


V 


SExa6«1 
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STEEL  FROM  JACKET,  BAND,  AND  TRUNNION  RING  FOR '^"M  GUN  FROM 
MIDVALE  STEEL  WORKS. 

MANNER  OF  PREPARING  SPECIMENS. 

A  ring  I^  inches  thick  was  cat  from  one  end  of  the  jacket. 

From  this  ring  were  planed  four  pieces  I J  inches  square  by  5J  inches 
long.    Their  location  is  shown  on  the  following  diagram. 

From  these  pieces  were  turned  two  samples  for  tension  and  two  for 
compression. 

The  tension  specimens  were  allowed  to  remain  5|  inches  long,  the  ex- 
cess over  5  inches  being  added  to  the  shoulder  next  the  screw  portion. 
They  were  marked-'i^and  V« 

The  compression  specimens  were  turned;cylindrical,  ".798  diameter  by 
5  inches  long.  The  lathe  center  marks  were  carefully  removed.  They 
were  marked  Y  and  \^. 


SEx3549l 
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No.  28. 


Tennion  teat 


Marks  on  specimen  J^E 

Length,  2''.0a 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 


Applied  loiMlB. 

EloDjcatioD 
per  inch. 

Snocesnire 

«.      -    _   . 

Succee- 

TotoL 

Per  square 
incb. 

elongation  {'^"•"iT"""" 
perlnch.   |        ^^ 

1 

set. 

Poundn. 
250 

PoundM. 
1  000 

Inch. 
0. 
0. 

.0005 

.0005 

.0005 

aoMi 

Inch. 

Ineh. 

Inch. 

1,250    '         ft  ono 

2,500 
2,750 
3,000 
3,250 
3,500 
8,750 
4.000 

10,000 
11,000 
12.000 
13,000 

.0005 
0. 
0. 

....1...... 

1 

0. 
0. 

.0002 
0. 
0. 

14, 000     '            OOAS 

15,000 

1A  INIO 

.0007 
.0007 
.0007 
.0007 
.0007 
.0007 
.0007 
.0007 
.0007 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0012 

• 



4, 250            17!  iio2i 

4.500 
4.750 
5,000 
6,2.'40 
^500 
6,750 
6,000 
6,250 
6.5410 
6,750 
7,000 
7,250 

18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
.     27,000 
28,000 
20.000 

0. 
0. 
0. 

:::::::::::: 

0. 
0. 
0. 



.0003 
0. 
0. 
0. 
0. 
0. 

7,500    1        30,000 
7, 750             31, 000 

0. 
.0002 





8.000            32,000     '          .6612 
8.250    1        88,  too    !          .0012 
8,f.00            84,000    :          .0012 
8,750    1        35,000    1          .0012 

0. 
0. 
0. 
0. 
0. 

.0003 
0. 

9,(00            86.000 
9,250    1        37,000 
9,500    1        38,000 
9. 750    !        89.  OtiO 

.0012 
.0015 
.0015 
.0015 
.0015 

0. 
0. 

10,000 
250 
10,250 
10,500 
10,750 
11,000 

40.000 

1,000 

41,000 

0. 

.661.^ 

6. 

0. 
0. 

.0002 
0. 
0. 
0. 
0. 

.0003 
0. 

42,000    *          .0015 
43,  000     1          .  0015 

44.000 

.0017 
.0017 
.0017 
.0017 

11,250    I        45,000 
11,500    1        46.U00 

11,750 
12, 000 
12,250 
12,500 

47, 000 

4^.000     ;          .0017 
49, 000     '          .  0020 

60,000 

1,000 

51.000 

.0020 

250 

0. 

12,750 

.0020 
.  0020 
.0020 
.0022 
.0027 
.0035 
.0040 
.0045 
.0050 
.0060 

0. 

0. 

0. 

.0002 
.0005 

13,000   1      52!  666 

13,2»0    1        53,000 
13, 500            54, 000 
13, 750             55, 000 
14,000             56.000 
14.250    !        57,000 
14,  500     1        58.  UOO 

ElMtic  Umit. 



.0008 
.0005 

.0005 
.0005 
.0010 

14,750 
15,000 
250 
15,250 
15.500 
15,750 
16,000 
16,250 
16,500 
16,760 

59,000 
60,000 
1,000 
61,000 
62. 000 
68,000 
64,000 
65,000 
66,000 
67,000 

.0086 

.0035 

.0070 
.0080 
.OOM 
.0095 
.0100 
.0110 
.0120 

.0010 
.0010 
.0005 
.0010 
.0005 
.0010 
.0010 

a.E3 

C.35 

17 
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Applied  loads. 


Successive 


Sacces- 


Total. 


Elongation   °,««^J«    Permanent   slve  per 

Pers^^nare     P^^^Jch.     «;°Xcr  ~^  ™-^* 


inch. 


manent 
sot. 


Bemarks. 


Pounds. 
17,000 
17,250 
17,500 
18,000 
18,500 
19,000 
10,500 
20, 000 
250 

20,  500 
21,000 

21,  500 
2i,000 
22,500 
23,000 
23,500 

24.  000 
24,500 

25,  000 
25.500 

0 


Poundt. 
68, 000 
09,000 
70,000 
72,000 
74, 000 
76,  000 
78,000 
80,000 
1,000 
82,000 
84.000 
86,000 
88,000 
90,000 
92, 000 
94, 000 
Wi,  000 
98,000 
100,000 
102,000 
0 


Inch. 
.0130 
.0140 
.0150 
.0165 
.0185 
.0210 
.0235 
.0255 


.0285 
.0310 
.0345 
.0385 
.  0415 
.0465 
.0515 
.0570 
.  0055 
.0780 
.1130 
.1300 


Ineh. 
.0010 
.0010 
.0010 
.0015 
.  0o20 
.  0025 
.  0025 
.  0020 


I- 


Ineh. 


Inch. 


.0215  .0180 

.0030     j I   

.0025 
.0035 
.0040 
.0030 
.  0u50 
.  0050 
.0055 
.  0085 
.0125 

.0350     1 ...    Ultimate  strength. 

, BioDgation     alter 

I      fracture. 


J 


T 


General  summary. 

Tensile  strength  per  square  inch  of  original  section   pounds..     102,  OOo 

Elastic  limit  per  squai-e  inch  of  original  sect iuu    do 54,000 

Elonuatiou  per  inch  after  rupture     luch . .      0. 1300 

Elongation  per  inch  untler  strain  at  elastic  limit do . . .        .  0022 

Reduction  in  diameter  at  puiut  of  rupture    do...         .064 

Reduction  in  area  after  i-uptu  re,  per  centum  of  original  seotiun 21.6 

Position  of  rupture ".75  from  curve  of  nock. 

Character  of  broken  surface granular,  80  per  cent ;  dull  smoky  spot,  20  per  cent. 

No.  29. 

Tension  test 
Mark($  on  speciiueu,  J2  E 
Length,  2''.00 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 


AppUe 
Total. 

Per  squnro 
inch. 

Pounds. 

1,000 

5,000 

10. 000 

15,000 

20,  000 

•J5.  000 

30,  000 

35,  000 

40,  000 

1,000 

!        41, 000 

1        42,  OOH 

>        43, 000 

1         44,000 

45, 000 

46,  0(0 

47,  000 
48,000 

i 

Elongation 
per  inch. 

Inch. 

0. 

0. 

.0002 
.  U005 
.0005 
.0007 
.0010 
.0012 
.0015 

Sucoeasivo 
elongation 
per  inch. 

Ineh. 

.0002 

.0003 
0. 
.  0002 
.  0003 
.0002 
.0003 

Permanent 
set. 

Huccert-  ' 

sive  per- 

maueut  . 

set. 

Remarks. 

PoundM. 

250 

1,250 

2,500 

Inch. 

Inch. 
1 

3,750 

5,U00 

6.250 

7,500 

1 

8,750 

10,  Ooo 





250 

■.0 



10,250 

.0015 
.0017 
.  0020 
.  002U 
.  0020 
.0020 
.  0022 
.0022 

0.          " 
.0002 
.0003 

0. 

I: 

.0002 
1        ®- 

10,500 
10,750 
11,000 
11,260 
11,500 
11,750 
12,000 

; 





1 

1 
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Applied  loads. 


Tottd. 


sqnai 

QCll. 


iocl 


Pound$. 
12,260 
12,500 
250 
12,750 
13, 000 
13,250 

13,  500 
13,750 
14,000 
14,250 
14.5IK) 

14,  750 
15,000 

250 
15,250 
15,500 
15,750 
16.000 
16,250 
16,500 
16,750 
IT,  000 
17.250 
17,600 

250 
17,750 
18,000 
18,250 
18,500 
ia750 
19,000 
19,250 
19,500 
19,750 
20,000 

250 
20,500 
21,000 
21,500 
22,000 
22,500 
23.000 
23,500 
24,000 
24,500 
25, 000 
25,500 
26,000 

0 


Pounds. 
40,000 
50,000 

1.000 
51.000 
52,000 
53.000 
54.000 
55,000 
66.000 
57,000 
58,000 
50,000 
60,000 

1,000 
61,000 
62,000 
63,000 
64.000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 

1,000 
71,000 
72.000 
78,000 
74,000 
75.000 
76.  OiO 
77,000 
78,000 
79.000 
80,000 

1.000 
82.000 
84.000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98.000 
100,000 
102.000 
104.000 
0 


I  EloDf^tkm 
I  per  inch. 


Inch. 
.0022 
.0022 


.0022 
.0022 
.0022 
.0025 
.0025 
.0025 
.0026 
.0025 
.0027 
.0027 


.0027 
.0035 
.  0045 
.0055 
.0060 
.0070 
.0080 
.0090 
.0097 
.0100 


.0110 
.0126 
.  0135 
.0145 
.0155 
.0165 
.0175 
.0186 
.0195 
.0210 


.0230 
.0260 
.02b6 
.0315 
.0350 
.0395 
.0435 
.0475 
.0636 
.0590 
.0690 
.0840 
.0900 


Saocesslre 
elon;ration 
per  inch. 


Sucoes- 
Permanent  sive  per- 
»8et.       I  manent 
'      set. 


Bemarks. 


IneK 
0. 
0. 


0. 
0. 
0. 

.0003 
0. 
0. 
0. 
0. 

.0002 
0. 


0. 

.0008 
.0010 
.0010 
.0005 
.0010 
.0010 
.0010 
.0007 
.0003 


.0010 
.0015 
.0010 
.0010 
.OCIO 
.0010 
.0010 
.0010 
.0010 
.0015 


.0020 


Inch. 


Inch. 


.0006- 


.0006- 


Elastic  limit. 


1 

.0070 

.0065 

.0166 


.0095 


J 


.0026  I I 

.0080 
.0036 
.0045 
.0040 
.0040 
.0060 
.0055 
.0100 
.0150 

.0060    ' Ultimate  strenKth. 

I  Elongation  at  frac- 

I      tare. 


General  summary. 

Tensile  strenKtb  per  square  inch  of  original  section pounds. . 

Elastic  limit  per  saaare  inch  of  original  section do ... . 

Elonjiation  per  incn  after  rapture inch. . 

Elongation  per  inch  under  strain  at  elastic  limit    do 

Reduction  in  diameter  at  ]»o{nt  of  rupture do 

Reduction  in  area  after  rupture,  per  centum  of  original  section 

Position  of  rupture ".35  from  cnrre  of  neck. 

Character  of  broken  snt face granular,  85  per  cent. ;  doll  smoky  spot,  16  per  cent. 


104,000 

61.000 

0.0900 

.0027 

.084 

11.6 
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No.  295. 
Compression  test 


Marks  on  specimen  J^C 

Length,  5".()0. 

Diameter,  ".798. 

Sectional  area  .50  square  inch. 


Applied  loadH. 

ComprM- 

8ion 
per  inch. 

Soccesflive 

Sncoess- 

To«"-       '""bX"" 

0iun               Mt.           manent             ™»««rM. 
per  inch,  j                           set. 

Poundt.    \    Pounds. 
500             1  uoo 

Inch. 
0. 

.00005 
.00010 
.00015 
.00020 

Inch. 

Inch.      1     Inch. 
1 

1,  (00 
1,500 
2,000 
2,50«« 
500 
3,000 
8,500 
4,000 
4,500 
5,000 

2,  000 

3,  OUO 
4.000 
5,000 
1,000 
6,000 
7,000 
8,000 
9,000 

111.  oon 

.00005 
.00005 
.00005 
.00005 

.0 

.00025 
.00030 
.00035 
.00045 
.00055 

. 00005 
.00005 
.00005 
.00010 
.00010 

500   1       i;666 

5,500    ;        11,000 
6,000     '         12.000 

—.00006 

-^00005 

.00000 
.00065 
.  0O07.'5 
.00085 
.00096 

.00005 
.00005 

6,64)0 
7,000 
7,500 

13,000 
14.000 
15,000 
1,000 
16,000 
17.000 
18.000 

.00010 
.00010 
.00010 

i              500 

—V 00005 

.0 

; 

8,000 

.00100 
.00105 
.OUIIU 
.  00120 
.  00130 

"'".'wnis" 

.00150 
.00155 
.00160 
.00170 

""'."ooiso" 

.00195 
.00200 
.00205 
.  00215 

.00005 
.00005 

8,500 
9,000 

.00005 
.00010 
.00010 

""."00615' 

.00005 
.00005 
.00005 
.00010 

"""*.*oo6io"" 

.00015 
.00005 
.00005 
.00010 

9, 500             19, 6o6 
10,  OUO            20,  UOO 

500              1.000 
10,500            21.000 
11. 000            22,  000 
11. 500            23,  000 
12,  000            24, 000 
12, 500            25, 000 

500               1, 000 
18,000    '        26,000 
13,500    1        27,000 
14.000    !        28,000 
14,  500            29, 000 
15,000    ;        30,  OOu 

500    <          1,000 
15,500     i        81,000 
16,000     ,        82,000 
16,  500            83, 000 
17,000     '        34.000 
17,500    1        85,000 

500    1          1, 000 



-s  00005 

0. 

-.00005 

0. 

-.00005 

.00225 
.00240 
.  002.50 
.00255 
.00265 

.00010 
.00015 
.00010 
.00005 

.00010 

.00005 

0. 

18,000     ,        36.000 

.00270 
.00285 
.00295 
.00305 
.00310 

*"  .00315" 
.00335 
.00:^45 
.00355 
.00360 

'"*".*00365 
.  0(»375 
.00390 
.00400 
.00405 

"'■.*00415' 
.00425 
.00435 
.00445 
.00460 

.00005 
.00015 
.00010 

.      18,500 

37,  000 
38, 000 
39,000 
40.000 
1,000 
41,000 
42.000 
43.000 
44.000 

19,000 
19,500 
20,000 
500 
20,500 

.. ".:".: 

.00010 
.00005 

".06665*" 

.00020 
.00010 

.00010 

.00005 

.00010 
.00015 
.00010 
.00005 

■'"."oooio 

.00010 
.00010 
.00010 
.00015 



0. 

—.00005 

'        21,000 

1        21,500 



1        22,000 



1        32,600    1        45,000 

500    '          1.000 

28, 000            46. 000 



-.00005    '    0. 
1 

28,600 
24,000 
24,500 
25.000 

500 
25,500 
26,000 
26,500 
27.000 
27,500 

600 

47,000 
48,000 
49,000 
50,000 

1,000 
51,000 
52,000 
53.000 
54.000 
55,000 

1,000 

-.00006 

0. 



.00000 

.00005 

• 
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Applied  loads. 


ToUl. 


28,000 
28.5U0 
29.000 
29,500 
30.000 

500 
30,S0O 
31.000 
31.500 
32,  000 
32.500 

500 
83,000 
33,500 
34,000 
34,500 
35,000 

500 
35.500 
36,000 

36,500 
500 

40,000 
0. 

45,  000 
0. 

47. 100 


saua 
nch. 


Compres- 
sion per 


Poundt. 
56.000 
67,000 
58.000 
59.000 
60,000 

1.000 
61,000 
62,000 
63.000 
64.000 
65,000 

1.000 
06,000 
67,000 
68.000 
69,000 
•  70,000 

1,000 
71,000 
72.000 

73.000 
1,000 

80,000 
0. 

90,000 
0. 

94,200 


Saccessive 
compres- 
sion per 
inch. 


Inch. 

Inch. 

.00490 

.  00030 

.00505 

.00015 

.00515 

.  00010 

.00600 

.  00085 

.00700 

.  00100 

"".06775" 

"".60675"" 

.00900 

.  00125 

.00995 

.00095 

I  Success- 
Permanent'  ive  per-  I 
set.        I   manent 
set. 


Inch.      '     Inch. 


.00150    '    .00150    ; 


Eemarks. 


Elastic  limit. 


.01150 
.01285 


.  0K05 
.01550 
.01675 
.01875 
.02050 


.00160 
.00135 


. 00120 
. 00145 
.00125 
.00200 
.00175 


.02200 
.02310 


.02500 


.00150 
.00110 


.00190 


.00670  I  .00520 


.  01380    .  00710 


.01820 


.03400 
"."06506" 


Deflection  at  middle, 

".03. 


.00440    I  Micrometer    re- 
I      moTed. 


.01580 

.oaioo 


I 


Ultimate  strength. 


Failed  by  triple  flexures ;  the  coDvex  side  of  middle  bend  towards 
center  of  ring  from  whence  it  was  taken. 

General  summary. 

Elasticlimit  per  square  inch pounds..    58,00o 

Compression  per  inch  under  strain  at  elastic  limit inch ...  0. 0<)515 


No.  296. 

Compression  test. 
Marks  on  specimen,  -^  j^- 
Length,  b". 
Diameter,  ".798. 
Sectional  area,  .50  square  inch. 


Applied  loads. 
Total. 


I  Per  souare 
iucn. 


Pounda. 

500 
1,000 
1,500 
2.000 
2,500 

500 
8,000 
8,500 
4,000 
4,500 
5,000 

500 
5,500 
6,000 


p  Successive  Succes 

aimner       compres-     Permanent  siveper- 
\r^o^      I    sionper  set. 


incu. 


Poundt. 

1,000 

2.000 

3,000 

4.000 

5,000 

1,000 

6,000 

7,000 

8,000 

9,000 

10,000 

1,000 

11,000 

12,000 


Inek, 
0. 

.00010 
.00020 
.00030 
.00045 


.00055 
.00065 
.00075 
.00085 
.00095 


.00100 
.  00105 


inch. 


manent 
set. 


Remarks. 


Inch. 


Inch. 


Inch. 


. 00010 
.00010 
.00010 
.  0U015 


.00010 
.00010 
.00010 
.00010 
.00010 


.00005 
.00005 
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Applied  loads.        i 

1 

Compres- 
sion per 
iDcn. 

.  Saccessive 

,   compres-     Permanent 
;    sion  per    1        set. 
1       incfi.       ' 

Sacces- 
sive per- 
manent 

! 

Remarks. 

Total. 

Per  eqnare ; 

Pounds. 
6.500 

Poundt. 
13,000 
14,000    ; 
15,000    t 

1,000    , 
16.000 
17,000 
18,000 
19,000 
20,000 

1,000 
21,000 
22,000 
28,000 
24.000    1 
25,000 

1,000 
26,000    1 
27,000 
28,000    t 
29,000 
30,000 

1,000 
81,000 
32,000 
33,000 
34,000    ; 
35,000    . 

1,000 
86,000     i 
37,000    1 
38,000    I 
39,000 
40,000    1 

1,000    1 
41,000    , 
42, 000 
43.000 
44,  000 
45,000 

1,000 
46, 000 
47,000 
48.000 
49,000    , 
50, 000    ' 

1.000 
51 ;  000 
52,000    , 
63,000    1 
54,000 
55,000    , 

1,000 
56,000    , 
57,000    1 
58,000    ' 
59, 000    < 
60.000    ! 

1,000    • 
61,  OOO    1 
62,000 
63,000 
64,000    1 
65,000    ; 

1.000 
70,000    1 
0       1 
80,000 

0        ' 
90,000 

Inch. 
.00110 
.00120 
.00135 

i      Inch.            Inch. 
.00005       

Inch. 

1 
1 

1 

1         • 

1 

1 

j 

1 

1 
I 

Elastic  limit. 

1 

7,000 

]        .00010      

7,500 
1              500 

. 00015     

, 0. 

8,000 

.00145 
.00155 
.00165 
.00175 
.00190 

1        .00010      

8,500 

9,000 

9,500 

10,000 

500 

10,500 

11,000 

11,500 

12,000 

12.600 

500 

18, 000 

13,500 

14,000 

14,600 

15,  000 
500 

16.500 
16,000 

16,  500 
17,000 
17,500 

500 
18.000 

.00010      



.00010    1 

.00010    1  



.00015      



0. 

. 00195 
.00200 
.  00210 
.00220 
.00250 

.00005      

,        .00005      

.00010      

i        .09010      

.00010      



0OCO6 

.00005 

.00245 
.00255 
.00265 
.00275 
.00285 

.00015      

1        .00010     1 

1        .00010     1 

.00010    ' 

,        .00910      

1 . 00010 

■.'66665" 

.00286 
.00300 
.00305 
.00315 
.00325 

'*".  06336" 
.00345 
. 00355 
.00365 
.00375 

'     0.           ; 

.00015     

.00005    ' 

,        .00010    1 

1        .00010    1 



' 00015 

.00005       

.00005 

18,500 

19.000 
10,600 
20,000 
500 
20,500 
21,  000 
21,500 
22,000 
22,500 

[ 

.00010    , 

1 1        .00020 

"  ."06665' 

.  00380 
.00385 
.  00395 
.00405 
.09415 

""'.66425' 
.00440 
.00450 
.00460 
. 00480 

i        .00005    ! 

I        .00005    1 

.00010      

t         .00010     ; 

!      .00010    

00026 

.00010      

500 
23,  000 

.00005 

23,  500 

•■        .00015     

;        24, 000 

.00010      

1        24,500 

.00010     , 

1        25. 000 
.500 

.00020 

{ .00040 

.00015 

25.500 
26,000 
26, 500 

. 00505 
.00515 
.00550 
.  00615 
.  00710 

.00025      

. 00910    , 

.00035    1 

27,000 

;        27, 500 

500 

.000C5      

1        .00005      

00190 

.00150 

1 

28,000 
28,500 
29,000 
20,500 
30,000 
1              500 

.00785 
.00900 
.01040 
.01150 
.01300 

.00075      

I        .00115    1 



.00140      

.00110    , 

.00150      

i .00715 

■  ".06525"  ■ 

1 
Micrometer  removed. 

1 

Ultimate  strength. 

80,  500 

.01400 
.01510 
.01685 
.01810 
.01945 

.00100     ■ 

!        31, 000 
31,500 
32,  000 
32,500 

600 
85,000 

0 
40, 000 

0 
46,000 

.00110    1 

.00175    1 

.00125      

.00135    1 

1 I        .01350 

.00635 

1        . 02450 

.01100 
"."66556'* 

............*        .66606 

Failed  by  triple  flexure ;   the  convex  side  of  middle  bend  towards 
centre  of  ring  from  whence  it  was  taken. 

General  summary. 

Blasticlimit,  per  sqnaie inch ponnds..        49,000 

Compression  per  inch  under  strain  at  elastic  limit inch. .      0. 00460 


^JSci-Ted^,    t3.Z^Z7tG^   GzzTZ. 


SEx%4»l 
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MANNER  OF  PREPARINa  SPECIMENS. 

A  ring  1  inch  thick  was  cut  from  one  end  of  the  band. 

From  this  ring  three  pieces  were  obtained,  located  as  shown  on  the 
following  diagram. 

Specimen  V  was  turned  from  a  segment  2.15  inches  long  (measured  on 
the  chord  of  the  inner  circle),  which  was  removed  by  radial  cuts. 

The  remaining  ]K>rtion  of  the  ring  was  cut  into  two  pieces,  from  which 
were  taken  B  C  and  B  E. 

No.  30. 

Tension  test 
j> 
Marks  on  specimen,  B  E. 
Length,  2". 
Diameter,  ''.564. 
Sectional  area,  .25  square  inch. 

This  portion  of  the  ring  was  straightened  while  hot,  and  specimen 
taken  from  central  portion. 


Applied  loads. 


Total. 


Pound*. 

250 
1,250 

250 
2,500 

250 
8,750 

250 
5,000 

250 
6,250 

250 
7,600 

250 
8,  750 

250 
10,000 

250 
10,  250 
10,  500 
10,750 
11,000 
11,250 

250 
11,500 
11,750 
12,000 
12,250 
12,  500 

250 
12,750 
13.000 
13.250 
13.500 
18. 750 

250 
14.000 
14,250 
14,500 
14.750 
15,000 

250 
15,2.'M) 
15,500 
15,760 
16,000 


Elongation 

Peraqnarel   PW*°cl^- 
inch. 


Pound*. 

1,000 

5,000 

1,000 
10,000 

1,000 
15,000 

1,000 
20, 000 

1,000 
25,  000 

1,000 
80.  000 

1,000 
35.  000 

1,  000 
40,000 

1,000 

41.  000 

42.  000 

43.  000 
44  000 
45;  000 

1,000 
46.000 
47,000 
48.000 
40,  000 
50.000 

1,000 
51,000 
52. 000 
53,000 
.HOOO 
55,000 

1,000 
56.000 
57,000 
58,  000 
59,000 
60,000 

1,000 
61,000 
62,000 
68,000 
^,000 


Inch. 
0. 
.0002 


.0005 


.0005 

\6oio' 


perTnch.  •®*- 


Sacces- 
alve  per- 
manent 
set. 


Inch. 


Inch.      I     Ineh. 


.0002 
'.'6063" 


.0005 


.  0010     0. 

.6oi2 .6662"' 

.oois  1   .6663 

.0015  1   0. 

.0002 
.6002 
'.6062" 
'.'6002' 
'.'6602" 
'.'6662' 
.6662' 


.0002 

0.' 

6.' 

0.' 

'0.' 

0. 

0.' 


Remarks. 


.0002 

0. 

.0017 

.0002 

.0003 

.0 

.0 

.0002 

.  0020 

.0020 

.0020 

.0022 

.6662" 

0.' 

.0022 
.0022 

.  0022 

0. 
0. 
0. 
.0003 
0. 

.0025 

.0025 

.0005 

.0003 

.0025 

0. 
0. 
0. 
0. 
.0002 

.0025 

.>O025 

.0025 

.0027 

.6605 

"o." 

.0030 

.0003 
0. 
0. 
0. 

.0002 

'""o." 

0. 

.0003 
0. 

.0030 

.0030 

.0032 

.0032 

.0032 
.0035 
.0085 

.0010 

.0005 
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Applied  loads. 


I 


-. 1  EloDicatioD 

incn.       , 


I  Successive 

elongation 

per  inch. 


Poundg. 
16,250 

250 
16.500 
16,750 
17.000 
17,250 
17,  500 

250 
17,750 
18,000 
18,250 
18,500 
18, 750 

250 
19, 000 
19, 250 
19.  SOU 
19, 750 
20,000 

250 
20, 500 
21,000 
21,500 
22,  000 
22,500 
23,000 
23.500 
24.000 
24.500 
25.0UO 
25,500 
26.000 
26,500 
26.980 
23,900 


PouncUt. 
65,000 
1,0«»0 
66,000 
67.000 
68.000 
69.  000 
70,000 
1,000 
71,  000 
72,000 
73,000 
74.000 
75,000 
1,000 
76,000 
77,000 
78.000 
79,000 
80,000 
1.000 
82,000 
84,000 
86.000 
88,000 
90.000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,  000 
104.000 
106.000 
107.  920 
95,600 


Inch. 
.0037 


.0037 


Inch. 
.0002 


.0040 

.0003 

.0040 

0. 

.0040 

0. 

.0040 

0. 

.0040 

0. 

.0040 

0. 

.0«»40 

0. 

.  0205 

.0165 

.  0225 

.  0020 

.  0235 

.0010 

.0245 

.0010 

.0260 

.0015 

.  6267 

.0007 

.02ii5 

.0018 

.OHIO 

.  o:i40 

.0375 
.0405 
.0440 
.0485 
.0540 
.0590 
.0655 
.  0745 
.0850 
.0985 
.  1235 


Permanent 
set. 


Inch. 


•  Sacces- 
elve  per- 
manent 
set. 


Remarks. 


.0025  •. 
.  00  JO  ' 
.0035  , 
.0030 
.003)  . 
.0045  ' 
.0J55  |. 
.0050  I 
.00G5  . 
.0090 
.0115  ' 
.0135  . 
.0250   . 


Inch. 


.0010 


Elastic  limit. 


.0185    I 


.0175 


.0240 


.0055 


.2500 


I  Ultimate  strenffth. 

.  Load  at  time  of  f rac* , 
tare. 

.  Elongationafter  frac- 
ture. 


General  summary. 

Tensile  strength  per  square  incli  of  original  section pounds . .  107, 920 

Elastic  limit  per  stiuare  inch  of  originalsectlon do  ...  73, 000 

Elongation  per  incn  after  rupture   inch..  0. 25U0 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  0040 

Be<]uction  in  dinrapter  at  point  of  rupture do  ..  .134 

Keductiou  in  area  after  ru|)tu TO,  porctMit lira  of  original  section  .«. 42.0 

Position  of  rupture  ".4  from  middle  of  the  stem. 

Chai-acter  of  l>roken  surface,  line  silky.    Fractured  ends  cup  shaped. 
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No.  207. 
Compression  Ust. 

Marks  on  specimen  B  C 

Length,  5". 

Diameter,  ''.798. 

Sectional  area,  .50  square  inch. 

This  portion  of  the  ring  was  stiaighteued  cold.  It  was  struck  with  a 
maul,  X)]aced  under  a  screw  press,  and  finally /straightened  in  one  of  the 
holder  jaws  of  the  testing  machine;  employing  a  pressure  of  200,000 
pounds. 

The  ends  were  then  squared  and  centered,  and  from  it  was  turned 
this  specimen: 


Applied  loads. 


ToUL 


:  Per  square 
inch. 


Compres- 
sion per 
incn. 


Saccessive  Saccess-  I 

compres-   '  Permanent  ive  per-  I 

sionper            set.  manent  I 

iocn.  sot.      , 


Remarks. 
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Permanent 
set. 


Inch 


Snccefl-  I 

sive  per- , 

manent  i 

set. 


Remarks. 


Inch. 


.00050 

.66065  1 

.00065 

.666i5 

j 



I 

.00080 

.00015  - 

t 

1 

.00115 

.00085  ! 

1 

■ 

.00180 

.06665  ' 

..........1 

i 

. 

.00285 


.03000 


.00085  i 


.00085 


Ultimate  strength. 


Failed  by  triple  flexure;  the  convex  side  of  middle  bend  towards  the 
oatside  of  ring  from  whence  it  was  taken. 

Deflection  continued  till  the  specimen  was  bent  into  an  u  shape,  and 
closed  down  till  the  ends  met.  A  number  of  small  cracks  developed 
on  the  tension  side  of  the  middle  bend. 
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No.  299. 
Compression  test 

Marks  on  specimen,  B2O 

Length,  2".605. 

Diameter,  ".798. 

Sectional  area,  .50  square  inch. 

The  ends  of  this  portion  of  the  ring  were  squared  and  centered,  and  a 
specimen  turned  so  that  the  axis  of  the  cylinder  was  at  right  angles 
with  the  radius  of  the  band. 


Applied  loads. 


Total. 


I  Per  square 
inch. 


Compres- 
sion per 
inch. 


Sncoessive 
compres- 
sion per 
in  on. 


Permanent 
set 


Saccess- , 

ivoiMjr- 

manent  I 

set. 


Remarks. 


-L 


Pounds. 

500 
1.000 
1,500 
2,000 
2,500 

500 
3,000 
8,500 
4,000 
4,500 
5,000 

600 
5,500 
6,000 
6.500 
7,000 
7,500 

500 
8,000 
8,100 
9,000 
9,  SOU 
10,000 

500 
10.500 
11,  000 

11,  500 
12,000 

12,  500 
500 

13,  000 
13,500 
14,000 
14, 5(0 
15,000 

500 
15,500 
16,000 
16,500 
17.  000 
17,  500 

500 
18,000 
18,500 
19,000 
19,500 
20,000 

500 
20,500 
21,000 
21,500 
22,000 
22,500 

500 
28,000 
23.600 
24,000 
24,600 
25,000 

500 


Poundt. 

1,000 

2,000 

8,000 

4,000 

5.000 

1,000 

6.000 

7,000 

8,000 

9,000 

10. 000 

1,000 

11,000 

12.000 

18,000 

14,000 

15,000 

1,000 

16,000 

17,  eoo 

18.000 

19.  OOU 

20,000 

1,000 

21,  000 

22,  000 
23,000 
24.  000 
25,000 

1,000 
26,  000 
27,000 
28,000 
29,  000 
30,000 

1,000 
31,  000 
82.  000 
33,000 
34,000 
35,000 

1,000 
36, 000 
37,  000 
38,000 
39,000 
40,000 

1,000 
41,  000 
42,000 
43,000 
4i.000 
45,000 

1,000 
46,000 
47,000 
48,000 
49,000 
50.000 

1.000 


Ineh. 

0. 

0. 

.00005 
.00010 
.00015 


.00025 
.00030 
.00035 
.00040 
.00050 


.00055 
.00060 
.00060 
.00065 
.00075 


.00090 
.00095 
.00100 
.00105 
. 00110 


. 00110 
.00115 
. 00120 
.00130 
.00135 


.00150 
.  OOL-SS 
.00160 
.00160 
.00165 


Ineh. 


Inch. 


.00005 
.00005 
.00005 


.00010 
.00005 
.00005 
.00005 
.00010 


.00015 
.00005 
. 00005 
.00005 
. 00005 


.  00905 
.00005 
. OOOIO 
.  00005 


.00015 
.00005 
.  00005 
0. 
. 00005 


.00005 
.00005 
0. 
.00005 

.00010  ! 


.00175 

.00010 

.00180 

.00U05 

.00185 

.  00005 

.00190 

.00005 

.00195 

.00005 

.'omb 

.  00005 

.00200 

0. 

.00210 

. 00010 

.  00215 

.00005 

.00230 
'""."60225' 

.00015 

.00005 

.00005 

.00240 

.00010 

.00245 

.00005 

.00250 

.00005 

.00255 

.00005 

.00255 

0. 

.00265 

.00010 

.00270 

.00005 

.00280 

.00010 



Jnch. 


— .  00005  — .  00005 


I 

—.00010  '—.00005 


— .  00015  — .  00005 


—.00015  i  0. 
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Applied  loads. 


Total. 


Per  Bonare 
incn. 


PoundJi. 
25,500 
28,000 

26,  500 

27,  000 
27,500 

500 
2»»,000 

28,  500 
29,000 
29.500 
30,000 

500 
30,500 
31,  000 

81.  500 

82,  000 
32,500 

500 
33,000 
33,500 
34,  000 
34,500 
35.000 

500 
35.500 
36.000 
36.500 
37.000 
37,500 

500 
38,000 
38,500 
39,000 
30,500 
40,000 

500 
40,500 
41,000 
41,  500 
42.000 
42,500 

500 

55,000 

0 
62,  500 

0 
75,000 

0 
76,  000 


Poundt. 
51, 000 
,52,  000 
53,000 
54.000 
55.000 

1,000 
56,000 
57,000 
58,000 
59.  000 
60,000 

1,000 
61.000 
62.000 
63,000 
64,000 
65,000 

1.000 
66.  000 
67.000 
68,000 
69.000 
70,000 

1,000 
71,000 
7^000 
73,000 
74,000 
75,000 

1,000 
76,000 
77,000 
78,000 
79,000 
80.000 

1,000 
81,000 
82,000 
83.000 
84.000 
85.000 

1,0U0 

110, 000 

0 
125,  000 

0 
150.000 

0 
152,  000 


Coniprea- 

sloD  per 

inch. 


Inch. 
.00285 
.  00295 
.  00295 
.00300 
.00315 


'  Sucresaivo 
I    coniprea- 
'    si  on  per 
inch. 


Inch. 
.00005 
. 00010 
0. 
.00005 
.00005 


Succes- 
Permanent  sive  per- 
8c>t.  manent 

set. 


Remarks. 


Inch. 


Inch. 


. 00310 
. 00310 
.00315 
.  00325 
.00330 


.00005 
0. 
.00005 
.00010 
.00005 


— .  00015 


.  00.345 
.  00350 
.00355 
.00365 
. 00370 


.00015 
.00005 
.00005 
. 00010 
.00005 


—.00010 


.00005 


.00375 
.00380 
.00385 
.  00395 
.00400 


.00005 
.00005 
.  00005  1 
.00010 
.00005  L 


—.00010 


.00405 
.  00410 
.00415 
.00425 
.00430 


>.  00005 


.00005 


.00445 
.00455 
.00460 
.00470 
.00485 


.00505 
.  00520 
.00,545 
.00570 
.00615 


.00005 

.00005  , 

.00005  j 

.00010  I I 

.00005  ;  

0.      I  .00005 

.00015   ! 

.00010  I ' 

.00005  • ,  Elastic  limit. 

.00010 I 

.00016  ; j 1 

!   .00040    .00040  ! 

.00020  i 

.00015 

.00025   ' 

.00025  , ; 

.  00045  ' 

'  '".'06130    ,'.66o90*'  Micrometer   re- 

I  '  I      moved. 


.02000 


.09000 


.01870 

"."oiioo" 

'."65460" 


Ultimate  strength. 


General  summary. 

Elastic  limit  per  square  inch ponnds..        78,000 

Compression  per  inch  under  strain  at  elastic  limit inch..      0.  C 


JtiTzz^TZTZ^yi.  r'iri^,  S.^cncTi^  (Ji^^:^t^. 


SExasoi 


TESTS   OF   IRON   AND    STEEL    AND    OTHER   MATERIALS.       2^J9' 
MANNER  OF  PREPARING  SPECIMENS. 

A  riu^  l^  inches  thick  was  cut  from  the  forward  end  of  the  trunuioa 
rin^. 

From  the  ring  three  pieces  were  obtained,  as  shown  on  the  following 
diagram. 

Specimen  %'  was  turned  from  a  segment  3^  inches  long  f  measured  on 
the  chord  of  the  inner  circle),  which  was  removed  by  radial  cuts. 

The  remaining  portion  of  the  ring  was  cut  into  two  pieces,  from  which, 
were  taken  R  E  and  11  G 


No.  31. 
Tension  test. 

Marks  on  specimen  R  £ 
Length,  2".00. 
Diameter,  ".564. 

Sectional  area,  .25  square  inches. 

This  portion  of  the  ring  was  straightened  while  hot,  from  which  this, 
specimen  was  turned. 


Applied  loads. 


I 


Total. 


inch 


Successive 

elooRdtioc 

I   per  loch. 


Blonptlon  X^,"So„^  PermsDent 

Persqusre;  P*''^"^^^-   i  ™*5-..k  "'• 


Pounds. 

250 
1,250 

250 
2,500 

250 
3,750 

250 
5.000 

250 
8,250 

250 
7,500 

250 
8.7.T0 

250 
10,000 

250 
10,250 
10,500 
10.750 
11,000 
11,250 

250 
11,500 
11,750 
12,000 
12, 250 
12,500 

250 
12,750 
13,000 
13,250 
13  500 
13,750 

250 
14,000 
•  14, 250 
14,  500 
14,750 
15,000 

250 
15,250 
15,500 
16,750 


P<ntnd*. 

1,000 

5,000 

1,000 
10,000 

1,000 
15,000 

1,000 
20,000 

1.000 
25,000 

1,000 
80,000 

1,000 
35,000 

1,000 
40,000 

1,000 
41,000 
42,000 
43,000 
44,000 
45.000 

1,000 
48,000 
47.000 
48.000 
49,  UOO 
50.000 

1,00U 
51,000 
52,000 
53,000 
54,000 
55,000 

1.000 
56.000 
57,000 
58.000 
59,000 
60.000 

1.000 
61,000 
62,000 
63,000 


Inch. 

0. 

0. 


.0002 

'.'ooos' 

.'0067" 

".ooio" 
'.ooii' 
'.'6615* 
Vooii* 


.0015 
.0017 
.0017 
.0017 
.0020 


.0020 
.0020 
.0020 
.0020 
.0020 


.0022 
.00J2 
.0022 
.0022 
.0025 


.0025 
.0025 
.0025 
.0027 
.0155 


.0170 
.0180 
.0190 


Inch, 


.0002 
'.'0003' 
'.'0002' 
'.'6003* 
'.'6002" 
V0OO3* 
'."0"'"' 


Inch. 


Sacces- 

slve  per- 

maneDt 

set. 


Inch. 


Remarks. 


.0 

.0002 
.0         I 
.0 
.0003    i 


.0 
.0 
.0 
.0 


.0002 

.0 

.0 

.0 

.0003 


.0 

.0 

.0  1 

.0002 

.0128    , 


.0015 
.0010 
.0010 


.V 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.6 

1 

1 

.oiso"     .0130" 

;::::;:::::l  ::;:;:::: 

1 

Elastio  limit. 
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Applied  loads. 

Elooffatlon 
per  inch. 

Snccesaive 
elongation 
per  inch. 

Permanent 
set. 

Snccea- 
aive  per- 
manent 
set. 

1 

Total. 

Per  aquare 
iiidi. 

Remarks. 

Pounds. 

16.000 

16.250 

250 

'        16, 500 

16,750 

1        17.000 

Pounds. 
64.000 
85.000 

1,000 
66,000 
67,000 
68,000 
69.000 
70,000 

1,000 
72,  000 
74,  000 
76,000 
78,000 
80.000 

1,000 
82,000 
84.000 
86.  000 
88,  000 
90,000 
92,  000 
94,000 

0 

Inch. 
.0200 
.0215 

.0226" 

.0240 
.0255 
.0265 
.0280 

Inch. 
.0010 
.0015 

'"  .ooio" 

.0015 
.0015 
.0010 
.0016 

Inch. 

Inch, 

- 

.0180 

.0050 

17,250 

17,500 
250 

.0205 

.0025 

18,000 

.0320 
.0355 
.0400 
.0440 
.0495 

.0040 
.0035 
.0045 
.0040 
.0055 

18,  500 

19, 000 

... 

19.  500 

20,000 



250 

.0450 

.0245 

20,500 

.  05.50 
.0640 
.0720 
.0835 
.0985 
.1240 
.1830 
.2100 

.0055 
.0090 
.0080 
.0116 
.0150 
.0255 
.0590 

1 

21,  000 

21,500 

Ultimate  strength. 
Elongation  after  frac- 
ture. 

1        22, 000 

22.  500 

1        23, 000 
23,500 
0 





General  summary. 

Tensile  strength  per  sqnare  Inch  of  original  section poonds. .        04, 000 

Elastic  limit  per  square  inch  of  original  section do  ...        50,000 

Elongation  per  inch  after  rapture inch..        0.2100 

Elongation  per  inch  under  strain  at  elastic  limit do....  .0027 

Reduction  in  diameter  at  point  of  rupture do  ...  .104 

Reduction  in  area  after  rupture,  per  centum  of  original  section 33. 6 

Position  of  rupture ".50  from  curve  of  neck. 

Character  of  broken  surface Silky ;  surface  irregular,  vesicaUr. 

No.  32. 

Tension  test. 

Marks  on  specimen,  V« 
Length,  2".0(). 
Diameter,  ".584. 

Sectional  area,  .25  sqiiare  inches. 

From  this  portion  of  the  ring:  was  milled  a  prism  1|"  square  by  5^'' 
long,  from  which  was  turned  this  specimen. 


Applied  loads. 

Elongation 
per  inch. 

Successive 
elongation 
per  inch. 

Permanent 
set. 

Inch. 

1 
Succes-  , 

Total.       ^"^'X'" 

1 

1    Poundn.        Pound*. 
250    >          1,000 

Inch. 

0. 

0. 

.0662' 

Inch. 

JneA. 

• 

'          1,250              5,000 

250               1,000 

.0002 

0. 

2,  500             10,  000 

250               1, 000 
3,750     I        15,000 

250     '          1.000 
5,  000             20. 000 

0. 

1 

.0005 

.0003 

-•1 

0. 

' 

.0005 

0. 

i 

2.')0               1, 000 

0. 

1 

6,  250            25, 000 

.0010 

.0005 

250               1, 000 

0. 

7,  500             30.  000 

.0010 

0. 
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Applied  loads. 


ToUl. 


Pounds. 

250 
8.730 

•250 
10,000 

250 
10,250 
10.500 
10,750 
11,000 

11,  254) 
250 

11,500 
11,750 
12.000 
12, 260 

12,  500 
250 

12,750 
13,000 
13, 250 

13,  SOU 
-13, 750 

250 
14.000 
14,250 
14.500 
14,750 
15,000 

250 

15,  250 
15,500 
15,750 

16.  OW 
16, 250 

250 
16,500 
16,750 
17.000 
17, 20 
17,500 

2:;0 
18,000 
18.500 
IB.  000 
10.500 
20,000 

250 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24.500 
25.000 
25,260 
0. 


Per  Bouare 
I       iDca. 


Elongation ;  ^SSffSsnn  '  Pennanont 


Pounds. 

1,000 
35,000 

1,000 
40,000 

1,000 
41.000 
42,000 
43,000 
44,000 
45,000 

1.000 
46,000 
47,000 
48,000 
4P,  000 
50,000 

1,000 
51,000 
52,000 
53,000 
54.000 
55,000 

1,000 
56.000 
57.000 
58,000 
59.000 
60,000 

1,000 
61,000 
62,000 
63,000 
64.000 
65,000 

1,000 
66,000 
67,000 
68,000 
60.000 
70,000 

1,000 
72,000 
74,000 
76,000 
78.000 
80.0U0 

l.OOo 
82.000 
84,0()0 
86,000 
8H,  000 
90,000 
92.00U 
94.000 
96.000 

98,  mo 

100,  000 

101,040 

0. 


Inch. 

Inch. 

.0015 

.oois'j 

.0005 

"""o. 

.0017 
.0017 
.0020 
.0020 
.0020 

.'ooio* 

.0020 
.  0022 
.  0022 
.  0025 


.0025 
.0025 
.0025 
.0025 
.0027 


.0027 

.oo:w 

.0040 
.0050 
.0060 


.0065 
.0075 
.0085 
.0095 
.0100 

.0110* 
.0120 
.0130 
.0140 
.0155 


.0180 
.0205 
.0230 
.0250 
.0290 


.0310 
.0350 
.0300 
.0430 
.0480 
.0530 
.0610 
.0605 
.  Of  25 
.1100 


Ineh, 
0. 


.0002 

a 

.0003 
0. 
0. 


0. 

6." 


Saoces- 
slve  per- 
manent 
set 


Ineh. 


Bemarks. 


0. 
0. 


.0002 


.0002  I. 


0. 


0. 


I    .0003   1 Elaatio  limit. 

I    .0010  i 

.0010  I 

.0010  I 

i ,    .0035  I   .0035 

.0005  I I 

.0010   1 

.0010   |. I 

I    .0010  I  I 

I    .0005  I i 

.0076    .0040 

.0010  I  I  I 

.0010  I 

i    .0010  1 

.0010  I I I 

.0015  • 

' I    .0120     .0045 

0025 


.0025 
.0025 
.0020 
.0040 


.0020 

,    .0040 

.  0040 

!    .0040 

I    .0050 

I    .0050  < 

.  0080 

.  0085 

.0130 

I    .0276  I 


.0240 


.0120 


.2000 


I  Ultimate  Btreni^th. 
Elongation  after 
fracture. 


General  aammary. 

Tensile  8tren>:th  per  Bqaam  inch  of  oiieinal  section ponnds..      101,040 

Elastic  limit  iitTHqunre  inc;h  uf  original  section do 57,000 

Elongation  per  iocb  after  rupture Inob..        0.2000 

Elongation  periiich  under  strrtiti  at  olastic  limit do  ...         .0030 

Reduction  in  diiUuctHr  ut  point  of  rupture    do .  084 

Redaction  In  ariMi  after  rupture,  per  centum  of  original  section 27.  • 

Positiou  of  rapture ".6  from  curve  of  neck. 

Character  of  broken  surface Gmnolar,  radiating  f^om  a  dull  spot  at  oircuuiference  of  i  ' 

Sarfaoe  cracks  deyeloped  in  the  vicinity  of  fractnre. 
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No.  298. 

Compression  test. 

Marks  on  specimen  R  C 

Length,  5".00. 

Diameter,  ".798. 

Sectional  area,  .50  square  inch. 

This  portion  of  the  ring  was  straightened  while  hot;  from  which  thi» 
specimen  was  turned. 


"i 


Applied  loads.         | 

I   Coropre«- 

,  sioD  per 

Per  sanare        Inch. 
incD.       I 


Totei. 


P<nind». 

500 

1.000 

1,500 

2.000 

2,600 

500 

3,000 

8,500 

4,000 

4,500 

6,000 

500 

6,500 

ff,000 

6,500 

T.WjO 

7,600 

500 

8,000 

8,500 

9,000 

9,500 

10,000 

500 

10,500 

11.000 

11,600 

12.000 

12,500 

500 

13,000 

13,500 

14.000 

14,500 

15,000 

500 

15,500 

16,000 

16,500 

17,000 

17,500 

500 

18,  000 
18,500 

19.  000 
19,500 
20.000 

6C0 
20,500 
21.000 
21,500 
22,000 
22,500 

500 
28,000 
23,500 
24.000 
24,600 
25.000 


Pmmdt. 

1,01)0 

2,0tN) 

3,000 

4,000 

6,000 

1.0(10 

6,000 

7,000 

8,000 

9,000 

10,  000 

1,000 

11,000 

12.000 

13.000. 

14,000 

15,000 

1,000 

16,000 

17,000 

18,000 

19, 000 

20,000 

1,000 

21,000 

22,000 

2.%  000 

24,000 

25.  (too 

1,000 

26.000 

27.000 

28,000 

29,000 

30,000 

1,000 

81,000 

82,000 

33, 000 

34,  Olio 

35,000 

1,000 

36,000 

37,000 

88,000 

89,  000 

40,000 

1,000 

41,000 

4*2,  000 

43,(00 

44,000 

45.000 

1,000 

46,000 

47.000 

48,000 

49,000 

50.000 


Successive 

conipres-   i  Permanent 
sion  per    I        set 
inch. 


Sncces-  ' 
sive  per- : 
mauent 
set      1 


Semarks. 


Jneh. 
0. 

.00006 
.00005 
.00010 
.00015 


.00025 
.00035 
.00045 
.00050 
.00060 


.00070 
.000)>0 
.00085 
.00095 
.OOIUO 


.00115 
.  00125 
.00135 
.00145 
.00150  { 


.00165 
.00170 
.00180 
.00190 
.00195 


.00300 
.00313 
.00820 
.00330 
.00845 


Inch. 


.00006 
0. 
.0000.5 
.00005 


.00010 
.00010 
.00010 
.00006 
.00010 


.00010 
.00010  I 
.00(106 
.00010 
.00005 


.00015 
.00010 
.00010 
.00010 
.00005 


.00015 
.00005 
.00010 
.00010 
.00005 


.00200 

.00005 

.00210 

.00010 

.00220 

.00010 

.  OOi'SO 

.00010 

.00240 

.00010 

.00250 

.00010 

.00260 

.00010 

.00265 

.00005 

.00275 

.00010 

.00290 

.00015 

.00010 
.00010 
.00010 
.00010 
.00015 


Inch, 


Inch, 


.00015 


.00015 


.00020 


.00005 


.00020 


.00020  I  0. 


.00025 


.00006 


i         1 

.00025 

>  0. 

1 

\                                    ; 

1  ..  

1   .00025 

1  ®- 

1 1-"!*  " 

1 

i 

.00350  ;    .00005 

.  00860  I    .  00010 
.00870     .00010 

.00385  ;    .00015 

.00400  I    .00015 

I  -.00010 

.00420  ,    .00020 
. 00480     . 00010 

.00450  I    .00020 

.00460     .00010  ! > I  Elactielimit. 

.00500      .00040  t I I 
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Comprea- 

oompiea- 
slonper 

Permuient 
set 

Sncoes- 
slre  per- 
manent 
set 

Bemarka. 

Total 

Pertquare 

PVmmU. 

500 
26,600 
20^000 
20,500 
27.000 
27,500 

500 
28,000 
28,500 
29,000 
29,600 
80,000 

600 
86.000 

0 
40,000 

44,100 

PoundU. 

1.000 
51.000 
52,000 
68,000 
54,000 
56.000 

1.000 
60,000 
57,000 
58,000 
69,000 
00,000 

1,000 
70.^000 

80,000 

88,200 

Inch. 

Ineh. 

JfMh. 

.00100 

Jneh. 
.00005 

Ultimate  atrangth. 

.00870 
.01060 
.01806 
.01616 
.01780 

.00870 
.00180 
.00256 
.00210 
.00266 

.01296 

.01196 

.01940 
.02156 
.02446 
.02005 
.02860 

.ooioo 

.00^5 
.00290 
.00100 
.00246 

.02290 

.00995 

.04860 

.02000 

.07250 

.02900 

Failed  by  triple  flexare;  the  convex  side  of  middle  bend  towards 
outside  of  ring  ^m  whence  it  was  taken. 

Deflection  continued  till  the  specimen  was  bent  into  y-shape.  When 
the  ends  came  within  i"  of  meeting,  the  specimen  part^  into  halves. 
The  firacture  was  granular,  radiating  from  a  dull  spot  ^^'X^''  on  the 
tension  side  of  the  fracture. 

Oeneral  summarjf, 

Baaatio  limit  per  sqoare  inch ponnda..    49lOOO 

Gompreaaion  per  incb  nnder  atimln  at  elaatio  limit inoh..  0.00400 


8.  Ex.  35 
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CAST  (GUN)  IRON  FROM  TRIAL  CYLINDER, 
iCast  by  South  Boston  Iron  Works,  for  12''  mortar.  1 

No.  91. 

Tension  test. 
Mark  on  bar  I 
Length,  30". 
Diameter,  1".129. 
Sectional  area,  1.00  square  inch. 


Elongation 
per Inch. 

SuocesAive 
elongation 
per  Inch. 

Permanent 
set. 

Successive 

permanent 

set 

Bemarks. 

Pounds. 

Inch. 

Inch, 

Inch. 

Inch, 

500 
1,000 

0. 
.000013 

Initial  load. 

""".*.  000018  " 

*6666i6' 

.ooooio" 

2,000 

.000057 

.000044 

.000010 

0. 

3,000 

. 000107 

.000050 

.000013 

.000003 

4,000 

.000150 

.000043 

.000013 

0, 

6,000 

.000193 

.000043 

.000017 

.000004 

6.000 

.000247 

.000054 

.000020 

.000008 

7,000 

.000297 

.000050 

.000027 

.000007 

8,000 

.000847 

.000050 

.000033 

.000006 

9,000 

.000408 

.000066 

.000047 

.000014 

10,000 

.000400 

.000067 

.000057 

.000010 

11,000 

.000520 

.000060 

.000063 

.000006 

12,000 

.000677 

.600067 

.000077 

.000014 

18.000 

.000647 

.000070 

.000090 

.000013 

14,000 

.000708 

.000056 

.000103 

.000018 

15.000 

.000787 

.000084 

.000120 

.000017 

16,000 

.000847 

.000060 

.000137 

.000017 

17.000 

.000918 

.000066 

.000160 

.000018 

18,000 

.000990 

.000077 

.000170 

.000020 

Elastic  limit. 

19,000 

.001073 

.000083 

.000197 

.000027 

20.000 

.001160 

.000087 

.000230 

.000088 

21,000 

.001260 

.000100 

.000277 

.000047 

22,000 

.  001H80 

.000120 

.000833 

.000056 

28,000 

.001520 

.000140 

.000407 

.000074 

24,000 

.001687 

.000167 

.000510 

.000103 

25,000 

.  001910 

.000223 

.000673 

.000163 

.  26,000 
'27.000 

.002197 

.000287 

.000680 

.000207 

.002517 

.00032U 

.001133 

.000253 

28.000 

.003020 

.000608 

.001560 

.000427 

29,000 

.003677 

.000657 

.002147 

.000587 

29.980 



Ultimate  strength. 

i 

General  summary. 

Tensile  strength  per  square  inch  of  original  section ^ pounds..       29,880 

Elastic  limit  per  sauare  inch  of  original  section do 18,000 

Elongation  per  incn  under  strain  at  elastic  limit • inch..    0.000090 

Beduction  in  diameter  at  point  of  rupture not  perceptible 

Reduction  in  area  after  rupture not  perceptible 

Position  of  rapture ''.8  Arom  curve  of  neck 

Character  of  broken  snrface '. coarse,  granular,  irregular 
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Ko.  92. 
Tension  test. 


Marks  on  bar  II 

Length,  30'^ 

Diameter,  l'M29. 

Sectional  area,  1  sqaare  inch. 


loMisper 
•qaaiv 

Elonntion 
p«rTnch. 

SnooeMive 
elongation 
per  inch. 

Permanent 

Saeoeaeive 
perma- 
nent set 

Bemarka. 

Pounds, 

Jneh. 

Inch. 

JimA. 

JimA. 

SOO 

0. 

... 

••....  .  . 

Inltialload. 

1,000 

.000017 

0.000017 

'***0.*  000007* 

0.000007 

2,000 

.000058 

.000036 

0. 

—  .000007 

8,000 

.000090 

.000037 

Ov 

0. 

4,000 

.000187 

.000047 

-  .000010 

-  .000010 

5,000 

.  000173 

.000036 

-  .000018 

-  .000003 

0,000 

.000228 

.000050 

-  .000013 

0. 

7,000 

.000270 

.000047 

-  .000007 

.000006 

8.000 

.000317 

.000047 

0. 

.000007 

9,000 

.000883 

.000066 

0. 

0. 

10,000 

.000430 

.000047 

.000007 

.000007 

11,000 

.000487 

.000057 

.000018 

.000006 

12,000 

.000548 

.000056 

.000027 

.000014 

13.000 

.000613 

.000070 

.000040 

.000018 

14,000 

.000667 

.000054 

.000053 

.000013 

15,000 

.000740 

.000073 

.000067 

.000014 

18,000 

.000817 

.000077 

.000080 

.000018 

Elaatio  limit 

17,000 

.000883 

.000066 

.000110 

.000080 

18,000 

.000970 

.000087 

.000187 

.000027 

19,000 

.0010»8 

.000083 

.000167 

.000080 

20,000 

.001150 

.000097 

.000218 

.000046 

21,000 

.001240 

.000090 

,000247 

.000084 

22,000 

.001863 

.000128 

.000298 

.000046 

23,000 

.001543 

.000180 

.000418 

.000120 

24.000 

.001707 

.000164 

.000517 

000104 

25,000 

.001933 

.000226 

.000688 

000166 

26.000 

.002207 

.000274 

.000893 

•000210 

27,000 

.002568 

.000356 

.001167 

»000274 

28,000 

.003068 

.000600 

.001598 

« 000426 

29.000 

.008813 

.000750 

.002247 

000654 

30.000 

.004887 

.001024 

.008190 

000948 

30,800 

Ultimate  atrength. 

1 



General  summary. 

Tenaile  atrength  per  square  inch  of  original  section pounds..        80,800 

Elastic  limit  per  square  inch  of  origlnflQ  section do  ...        16^000 

Elongation  per  inch  under  strain  at  elasticlimlt inch..    0.000817 

Beduction  in  diameter  at  point  of  rupture not  perceptible. 

Bednction  in  area  after  rupture not  perceptible. 

Position  of  rupture 3|  inches  ft'om  middle  of  bar. 

Character  of  broken  surface coarse,  granular,  irregular. 
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No.  103. 
Termon  test 


Marks  on  bar  III 
Length,  30". 
Diameter,  1".129. 
Sectional  area,  1  square  inch. 


loadaper 
square 
inch. 

Slongation 
per  inch. 

Sacoessive 
elongation 
per  inoh. 

Penneiient 
set. 

SacceeeiTe 
perma- 
nent set 

Bemarka. 

Pound*. 
500 
1,000 
2,000 
8,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19.000 
20,000 
21,000 
22,000 
28,000 
24,000 
25,000 
26,000 
27,000 
28,000 

Inch, 

0. 

.000007 
.000046 
.000097 
.000188 
.000170 
.000217 
.000267 
.000817 
.000806 
.000410 
.000460 
.000527 
.000598 
.000613 
.000708 
.000770 
.00<840 
.000930 
.001008 
.001098 
.001213 
.001383 
.001600 
.001678 
.001976 
.002313 
.002857 

jMh, 

Ineh. 

iMh. 

Initial  load. 

Elastic  limit. 
Ultimate  stiength. 

.000007 
.000039 
.000051 
.000086 
.000087 
.000047 
.000050 
.000050 
.000049 
.000044 
.000050 
.000067 
.000066 
.000050 
.000060 
.000067 
.000070 
.000090 
.000078 
.000090 
.000120 
.000120 
.000167 
.000178 
.000318 
.000387 
.000544 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.000007 
.000020 
.000027 
.000087 
.000050 
.000063 
.000077 
.000097 
000180 
.  000157 
.000180 
.000243 
.000297 
.000897 
.000510 
.000740 
.001000 
.001437 

.• 

.000007 
.000018 
.000007 
.000010 
.000013 
.000018 
.000014 
.000020 
.000083 
.000027 
.000037 
.000063 
.000054 
.000100 
.000113 
.000280 
.000260 
.000487 

Sustained  the  maximum  load  i  minute  before  fracturing. 

General  summary, 

TensOe  strength  per  square  inoh  of  original  section pounds..  28,000 

XUstlo  limit  per  sqnare  inoh  of  original  section do —  17,000 

Blongation  per  inon  after  rupture inch..  0.001067 

Elongation  per  inch  under  strain  at  elastic  limit do —  .000840 

Bednetion  in  diameter  at  point  of  rupture not  perceptible. 

Bednction  in  area  after  rupture not  perceptible. 

Position  of  rupture 8i"  from  neok. 

Character  of  broken  surface coarse,  granular. 


278   TESTS  OF  IBON  AND  STEEL  AND  OTHEH  MATERIALS. 


No.  302. 


Compression  test. 

Mark  on  bar  V 

Length,  10''. 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 


loads  per 
Bqaate 
inch. 

CompreMioD 
per  inch. 

Snoceaslre 

compression 

per  inch. 

Permanent 
set. 

Snccessive 

permanent 

set. 

Bemarka. 

Poundi. 

Inch, 

Inch. 

Jneh, 

Inch,        I 

600 
1,000 

0. 
.000020 

« 

Initial  load. 

.066620" 

""0. 

2.000 

.000030 

.000010 

0. 

3.000 

.000080 

.000050 

0. 

•   4.000 
5.000 

.000120 
.000160 

.000040 
.000040 

0. 
0. 

6,000 
7,000 

.000200 
.000260 

.000040 
.000050 

0. 
.000020 

■"".'666626" 

8,000 

.0002«0 

.000080 

.000020 

0. 

9;  000 

.000830 

.000060 

.000020 

0. 

10,000 

.000380 

.000050 

.000020 

0. 

11.000 

.000420 

.000040 

.000020 

0. 

12,000 

.000470 

.000050 

.000020 

0. 

18.000 

.000510 

.000040 

.000020 

0. 

14.000 

.000660 

.000050 

.000080 

.000010 

16,000 

.000610 

.000050 

.0U0030 

0. 

16,000 

.000670 

.000060 

.000030 

0. 

17,000 

.000710 

.000040 

.000040 

.000010 

18,000 

.00076Q 

.000050 

.000040 

0. 

19,000 

.000810 

.000050 

.000050 

.000010 

20,000 

.000860 

.000050 

.000060 

0. 

ElaaticUmit 

21.000 

.000910 

.000050 

.000060 

.000010 

22,000 

.000970 

.000060 

.000080 

.000020 

23,000 

.001080 

.000060 

.000090 

.000010 

24,000 

.001090 

.000060 

.000100 

.000010 

26,000 

.001180 

.000090 

.000120 

.000020 

26,000 

.001240 

.000060 

.000140 

.000030 

27,000 

.001810 

.000070 

.000160 

.000020 

28,000 

.001890 

.000080 

.000190 

.000030 

29.000 

.001490 

.000100 

.000230 

.000040 

80.000 

.001670 

.000180 

.000340 

.000:10 

81,000 

.001760 

.000090 

.000390 

.000050 

82,000 

.001900 

.000140 

.000490 

.000100 

38,000 

.002100 

.000200 

.000660 

.000170 

84,000 

.002850 

.000250 

.000830 

.000170 

35,000 

.002680 

.000330 

.001140 

.000310 

86,000 

.008050 

.000370 

.001600 

.000360 

37,000 

.003560 

.000500 

.001970 

.000470 

88,000 

.004130 

.000580 

.002610 

.000540 

89,000 

.004700 

.000570 

.003110 

.000600 

40,000 

.005620 

.000820 

.008970 

.000860 

40.800 



Failed  by  triple  flezore. 

Direction  of  middle  deflection  with  reference  to  distinguishing  num- 
ber (^ 


->-  on  end  of  specimen. 


There  was  no  perceptible  deflection  when  examined  with  a  straight 
edge  until  the  maximum  load,  40,800  pounds,  was  reached.  The  de 
flection  took  place  gradually. 

General  summary, 

Xlaatio  limit  per  square  inch  of  original  section pounds..  20.000 

Compression  per  inch  under  strain  at  elastic  limit inch..       0.C 

CompTession  per  inch  under  40,000  pounds  per  sqaare  inch do 
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No.  303. 

Compresswn  teit. 
Marks  on  bar,  YI. 
Length,  1(K^ 
Diameter,  rM29. 
Sectional  area,  1  sqaare  inch. 


loads  per 
•qnare 
Inoh. 

CompreMlon 
per  inoh. 

Snooessive 

oompreasion 

per  Inch. 

Permanent. 

Sncoeasive 
■et 

Bemarka. 

Pottndt. 

Inch, 

Inch, 

Inch. 

Inch. 

500 
1.000 

0. 
.000020 

Initialload. 

.'oooiio*' 

2,000 

.000070 

.000060 

.000020*' 

.000020 

8,000 

.000180 

.000060 

.000050 

.000030 

4.000 

.000170 

.000040 

.000040 

—.000010 

6.000 

.000200 

.000080 

.000020 

•^000020 

6,000 

.000280 

.000080 

.000020 

0. 

tIooo 

.000280 

.000050 

.000010 

~%  000010 

8,000 

.000300 

.000020 

.000010 

0. 

8.000 

!000840 

.000040 

.000010 

0. 

10.000 

.000800 

.000050 

.000020 

.000010 

11,000 

.000420 

.000080 

.000030 

.000010 

12,000 

.000470 

.000060 

.000020 

-sOOOOlO 

18,000 

.000640 

.000070 

.000080 

.000010 

14,000 

.000680 

.000040 

.000020 

-s  000010 

16,000 

.000640 

.000060 

.000020 

0. 

ie.000 

.000680 

.000040 

.000020 

0. 

17.000 

.000740 

.000060 

.000040 

.000020 

18.000 

.000790 

.  000060 

.000040 

0. 

Blaatto  limit. 

18.000 

.000840 

.000060 

.000050 

.000010 

20.000 

.000890 

.000050 

.000060 

.000010 

21.000 

.000060 

.000060 

.000070 

.000010 

22.000 

.001000 

.000060 

.000090 

.000020 

28.000 

.001070 

.000070 

.000100 

.000010 

24,000 

.001160 

.000090 

.000110 

.VOOOIO 

26,000 

.001220 

.000060 

.000140 

.000030 

26,000 

.001810 

.000090 

.000170 

.000080 

27,000 

.001410 

.000100 

.000210 

.U00040 

28,000 

.001500 

.000090 

.000260 

.000050 

29,000 

.001640 

.000140 

.000830 

.000070 

80,000 

.001790 

.000150 

.000410 

.000080 

81,000 

.001070 

.000180 

.000690 

.000180 

32,000 

.002600 

.000290 

.000810 

.000220 

88.000 

.002600 

.000340 

.001100 

.000290 

84.000 

.008020 

.000420 

.001620 

.000420 

86,000 

.        .008460 

.000440 

.001920 

.000400 

Bar  began  to  defleot 

86.000 

.004120 

.000660 

.002580 

.000660 

87,000 

.006000 

.000880 

.008440 

.000860 

88.800 

TTltimate  ttrengtn. 

Failed  by  triple  flexare. 
Direction  of  middle  deflection 


O 


General  enmmary. 

Blaatio  limit  per  sqnare  inoh  of  original  Motion pounds..    18,000 

Compression  per  inoh  under  strain  at  elastic  limit inch.. 0.000790 

Compression  per  inoh  onder  84,000  pounds  per  sqaare  inoh do..      "^'^''^ 
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No.  307. 

Oampresffion  test. 

Mark  on  bar,  Vlll. 
Length,  W. 
Diameter,  l'M29. 
Sectional  area,  1  square  inch. 


loads  per 

perinoh. 

BnooMsiTe 
per  Inoh. 

Peraument 
aet. 

SacoeeeiTe 

permanent 

set. 

Bemarka. 

PowMlt. 

InpiL 

Inch. 

JnM. 

7ti«JL 

600 
1.000 
2.000 
8.000 
4,000 

0 

!oooooo 

.000110 
.000170 

Initial  load. 

.666640" 

.000050 
.000090 
.000000 

**"6." 

0. 
0. 
0. 

6,000 
0,000 
7.000 
8,000 

•  000200 
.000270 
.000290 
.000870 

.000080 
.000070 
.000020 
.000060 

0. 

a 

0. 
.000010 

.'666616" 

0,000 

.000890 

.000020 

.000010 

0. 

10,000 

.000470 

.000080 

.000040 

.000080 

11,000 

000490 

.000020 

.  000040 

0. 

13,000 

.000540 

.000050 

.000060 

.000020 

18,000 

.000000 

.000000 

.000070 

.000010 

14.000 

.000080 

.000000 

.000080 

.000010 

16,000 

.000890 

.000080 

000080 

0. 

10,000 

.000770 

.000080 

iooooao 

0. 

17.000 

.000800 

.000030 

.000080 

0. 

18,000 

.000870 

.000070 

.000090 

.000010 

19,000 

.000910 

.000040 

.000090 

0. 

20,000 

.000960 

.000070 

.000100 

.000010 

21.000 

.001080 

.000080 

.000110 

.000010 

g.000 

.001100 

.0U0040 

.000110 

0. 

Elaetio  limit 

28.000 

.001180 

.000080 

.U00140 

.000080 

24.000 

.  001210 

.000080 

.000170 

.000080 

26.000 

.001290 

.000080 

.000180 

.000010 

20.000 

.001870 

.000080 

.000190 

.000010 

27.000 

.001440 

.000070 

.000200 

.000010 

28.000 

.001500 

.000000 

.000270 

.000070 

20,000 

.001590 

.000090 

.000280 

.000010 

80.000 

.001890 

.000100 

.000800 

.000020 

81.000 

.001790 

.000100 

.000880 

.000080 

SXJS 

.001890 

.000100 

.000410 

.000080 

88.000 

.002010 

.000120 

.000490 

.000080 

84,000 

.002190 

.000180 

.000000 

.000110 

86^000 

.002890 

.000200 

.000740 

.000140 

88.000 

.002000 

.000210 

.000980 

.000190 

37,000 

.002880 

.002880 

.001100 

.000170 

88»000 

.003120 

.000240 

.001840 

.000240 

80,000 

.008490 

.000870 

.001870 

.000880 

40,000 

.003000 

.000410 

.001990 

.000320 

41,000 

.004200 

.000800 

.002800 

.000870 

42,000 

.004790 

.000580 

.002790 

.000480 

»!!! 

.006220 

.000480 

.008680 

!000790 

60,500 

Xnttmate  strength. 

Failed  by  triple  flexure. 

When  the  middle  deflection  reached  ^^  40,  cracks  appeared  on  the 
tension  aide.    The  load  sustained  at  the  time  was  40,000  pounds. 


Direction  of  middle  deflection 


O 


General  eummary, 

XlastioUmit  per  sqoare  inch  of  original  seetloa pounds..  22,008 

OoBpreasion  per  inoh  onder  strain  at  elastio  limit inch..  0.00U00 

Compression  per inehonder  80.000  pounds  per  sqoare  inch do...  .001790 
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Mark  on  bar,  XIY. 

Length,  S'^OO. 

Diameter,  ^^8005. 

Sectional  area,  .503  square  inch. 


No.  310. 
Compresnan  test, 

GRITSHING. 


\ 


AppUed  iMkU. 

InoreMe  in 
dijuneter 
ftt  middle. 

Snooesslye 
inoroMeitt 
diameter 
at  middle. 

PeniiMient 

inereaeeln 

diameter 

at  middle. 

Remarks. 

Total 

PersQtUtfe 

Poundi, 
1,006 
5,080 
7;546 
10.060 
12,675 
15,080 
17.606 
20,120 
28,686 
25^150 
27.666 
80,180 
82,606 
85.210 
87,725 
40,240 
42,765 

51,100 

Pound». 
2,000 
10,000 
15,000 
20,000 
25,000 
30.000 
85.000 
40,000 
46,000 
50,000 
55,000 
60,000 
65,000 
70,000 

Indi. 
0. 

a 

.0001+ 

.0002- 

.0002 

.0008 

.0006 

.0010 

.0028 

.0085 

.0048 

.0070 

.0093 

.0121 

Inch, 

JnOi. 

]!bitialload. 

r  from  each  end. 
North,          Soulh. 
".8042+        ".8542 

.8076             .8075  ' 

.8128             .8121 

.8182            .8179 

Length  of  specimen. 

2.«83.     PeroepUble 

buckling.    Sarfkce 

cracks  generally  de- 

Unltimate  strength. 

.0001+ 

.0001- 

.0001- 

.0001 

.0008 

.0004 

.0018 

.0017 

.0014 

.0021 

.0028 

.0000+ 

...  ._.... 

.'ooS*'" 

.0028 
.0082 
.0087 
.0075 

75,000              .0153 
80,000    '          .0190 
85, 000              • 02AS 

.0i78 

101,590 

t 

Failure  occurred  by  triple  flexure. 

Pressure  was  continued  till  the  metal  separated  at  one  end  with  an 
oblique  fracture. 

Sketch  9f  Specimen,  after 
the  test. 
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Mark  on  bar,  XV. 

Length,  a'^OO. 

Diameter,  ''.8013. 

Sectional  area,  .504  sqaare  inch. 


No.  311. 
Compression  test 

GBUSHINa. 


AppUed  loads. 

Inoroaae  in 
diameter 
at  middle. 

Snooeasive 

Fennanent 

Total. 

Per  aquare 
ino^. 

increase  in      ucrenoe  lu 
diameter         diameter 
at  middle.    1   at  middle. 

t 

Remarks. 

Pounds. 

1,008 

5.040 

7,580 

10,080 

12,800 

'     16.120 

17,840 

20,180 

22,880 

.    26,200 

27,720 

80,240 

82,780 

86.280 

37,800 

40,820 

42.840 

45.360 
51,100 

Pounds. 
2.000 
10.000 
15,000 
20,000 
25,000 
80,000 
35,000 
40,000 
45.000 
50,000 
66.000 
80,000 
85,000 
70,000 
76.000 
80,000 
85.000 

90.000 
101.890 

Inch. 
0. 

.0001- 
.0001+ 
.0002 
.0002+ 
.0008+ 
.0005 
.0010 
.0022 
.0088 
.0054 
.0073 
.0095 
.0125 
.0157 
.0197 
.0243 

.0299 

Inch.               Inch. 

Diameters  meaaared 
i"  from  each  end. 
".8018        ".8028       ' 

.0001- 

.0000+ 

.0001— 

.0000+ 

.0001 

.0002- 

.0005 

.0012 

.0018 

.0018 

.8045          .8056 

.8078          .8086 

.8124          .8196 

.8184          .8196 
Length  of  specimen, 
2".84.  Fineaarfiace 
oraoks  developed, 
intimate  strengtii. 

b." 

.. 



:ii^" 

.0019 
.0022 
.0080 
.0032 
.0040 
.0048 

.0068 

.0088 

.0U8 

.0187 

Failed  by  triple  flexare. 

Test  discontinned  when  specimen  was  reduced  in  length  to  2''.68. 
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No,  312. 
Compression  test 

GEUSHINa. 


Mark  on  bar,  XYI. 

Length,  3'^00. 

Diameter,  ^'.8005. 

Sectional  area,  .503  Rqaare  inch. 


AppUed  loadB. 

InoreMein 

Saeoessive 

inoreasein 
diameter 
at  middle. 

Remarks. 

Total. 

Per  M  aare 
inch. 

Poundi. 
1,006 
6,080 
7,545 
10,060 
12,675 
16,000 
17,606 
20,120 
22,686 
26,150 
27.666 
80,180 
82,606 
86,210 
87,726 
40,240 

48,800 
40,800 

Poundt, 
2,000 
10.000 
16,000 
20,000 
26,000 
80,000 
86,000 
40,000 
45,000 
50,000 
66,000 
60,000 
65,000 
70,000 
75,000 
80,000 

Inch, 

0. 

0. 

.0001 
.0001 
.0002- 
.0002 
.0006 
.0012 
.0027 
.0047 
.0068 
.0008 
.0124 
.0150 
.0108 
.0262 

Inch. 

0. 

0. 
.0001 

0. 

.0001- 
.0000+ 
.0003 
.0007 
.0015 
.0020 
.0021 
.0026 
.0081 
.0036 
.0040 
.0068 

Inch, 

Diameters  measured 
i"  from  each  end. 
".8006        ".8019 

.8046          .8056 
.  8066          .  8096 
.8148          .8167 

Length  of  specimen, 
2''.88.  Fine  surface 
cracks  dcTcloped. 

Total  length,  2".  66. 

Total  length.  2.  "63. 
Ultimate  sferengtii. 

0. 

.OMi 

.0087 

.0161 

08,200 

Failed  by  triple  flexure. 

Pressare  continaed  after  passing  the  maximam  load,  increasing  the 
deflectioYi  till  an  oblique  fractnre  separated  the  bar  at  one  end,  similar 
to  the  fractnre  of  bar  marked  XIY. 
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No.  1. 

Transverse  test 

Mark  on  bar  IX. 

Diameter,  rM29. 

Sectional  area,  1  sqaare  inch. 

Supported  at  ends  2(y'  apart. 

Loaded  at  middle. 

Width  of  middle  bearing,  V\ 


Applied  loads. 

Deflection 
set. 

Bemarks. 

Total. 

MMdmnnL 
fiber  stmin. 

DefleoUon. 

PoundB. 
0 

282 
666 

847 
1,130 
1,413 
1.004 
1,077 
2.U8 

0. 

10.000 
20.000 
80.000 
40.000 
50.000 
00.000 
70.000 
75.000 

InOL 

InOu 

ICudmimi  fiber  strain  computed  by  the 
formula— 

Breaking  load. 

0881 
0022 
0888 
1248 
1766 
2888 
5676 
8188 

.0040 
.0003 
.0078 
.0188 
.0867 
.1018 

Fractured  on  the  tension  side  y  from  the  middle  of  the  bar. 


No.  2. 
Transverse  test 


Mark  on  bar  X. 

Diameter,  l'M29. 

Sectional  area,  1  square  inch. 

Supported  at  ends  2(K^  apart. 

Loaded  at  middle. 

Width  of  middle  bearing,  1". 


Applied  loads. 

Defieotlon. 

Defieotion 
set. 

Bemarks. 

TotaL 

fiber  strain. 

Pottikb. 
0 

282 
666 

847 
1,180 
1.412 
1.004 
1,706 

0. 
18.000 

i6.ooo 

80.000 

4a  000 

60.000 
00.000 
08.640 

IndL 

0. 

.0818 
.0008 
.0000 
.1212 
.1724 
.2668 

InM. 

Breaking  load. 

.0021 
.0041 
.0060 
.0168 
.0884 
.0888 

Fractured  on  the  tension  side  opposite  the  middle  bearing. 
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No.  1. 

Tangential  test 
Mark  on  cylinder  XI. 


Length  of  cylinder  exposed  to  internal  pressure,  4^^ 

Cylinder  and  reservoir  charged  with  mixture  of  bees- wax  4,  tallow  1. 

Yolame  of  wax  and  tallow  in  cylinder,  3.06  cubic  inches. 

Volume  of  wax  and  tallow  in  reservoir,  3.65  cubic  inches. 

Diameter  of  reservoir  piston,  l'M45. 

Sectional  area  of  reservoir  piston,  1.03  square  inches. 


Applied  loads  on 
plBtonofreacirToir. 

Piston 

EnlArgsment  of  diameters  of  cyUnder. 

more- 

Per 

ToUl. 

Moaro 
Inch. 

1. 

2. 

8. 

4. 

6. 

6. 

Poundt. 

Poundi. 

IfUth, 

Inch, 

Inch. 

Ineh, 

Inch. 

Inth, 

Inch. 

1,030 

1,000 

0. 

0. 

0. 

0. 

0. 

0. 

0 

2,000 

2,000 

.02 

0. 

0. 

0. 

0. 

0. 

0. 

8.090 

3.000 

.04 

0. 

0. 

0. 

0. 

0. 

0. 

4,r20 

4.000 

.05 

0. 

0. 

a 

0. 

0. 

0. 

5.150 

5,000 

:S3 

0. 

0. 

0. 

0. 

0. 

0. 

6,180 

6,000 

0. 

0. 

0. 

0. 

0. 

0. 

7,210 

7,000 

iCooo 

.11 

0. 

0. 

0. 

0. 

0. 

0. 

8,240 

.12 

0. 

0. 

0. 

0. 

0. 

0. 

0.270 

9.000 

.18+ 

0. 

0. 

a 

a 

a 

0. 

10.300 

10,000 

.14| 

.0000 

.0000 

.0002 

.0003 

.0000 

.0000 

1,080 

1.000 

.oSL 

0. 

0. 

0. 

0. 

0. 

0. 

11.330 

11,000 

.15| 

0. 

0. 

.0002 

.0008 

0. 

0. 

12,360 

12,000 

.17 

0. 

0. 

.0002 

.0008 

0. 

0. 

13.390 

18.000 
1  15  hours 

.19 

0. 

.0002 

.0005 

.0005 

0. 

0. 

Iteate< 

ander  no  I 

oad. 

14,420 

14.000 

.19 

.0002 

.0002 

.0005 

.0005 

0. 

0. 

15,450 

15,000 

.28 

.0002 

.0008 

.0008 

.0008 

.0002 

0. 

1.030 

1,000 

.07 

.0005 

.0005 

.0006 

.0006 

.0002 

0. 

16.480 

16.000 

.23 

.0008 

.0008 

.0010 

.0010 

.0006 

0. 

"i2L 

17.000 

.26 

.0008 

.0008 

.0011 

.0010 

.0007 

0. 

1 1  hour  m 

ider  no  lo* 

d. 

18,540 

18,000 

.27 

.0007 

.0008 

.0012 

.0011 

.0007 

0. 

19, 570 

19,000 

.27 

.0008 

.0010 

.0011 

.0010 

.0007 

0. 

20,600 

20.000 

.27* 
.071 

.0009 

.0010 

.0012 

.0011 

.0008 

0. 

1.030 

1,000 

.0006 

.0006 

.0006 

.0007 

.0002 

0. 

22^660 

22,000 

.29* 

.0009 

.0010 

.0018 

.0012 

.0010 

0. 

24,720 

24,000 

.3U 

.0010 

.0011 

.0012 

.0018 

.0008 

0. 

26.780 

26,000 

.83 

.0009 

.0010 

.0014 

.0018 

.0009 

0. 

28,840 

28,000 

.35 

.0008 

.0010 

.0018 

.0016 

.0009 

0. 

30,900 

30.000 

.86 

.0005 

.0009 

.0018 

.0017 

.0008 

a 

1.030 

1.000 

.10 

.0008 

.0006 

.0010 

.0008 

.  0004 

a 

32,960 

82.000 

84.000 

1.000 

.86 

35,020 
1.030 

.88 

■'■'obos" 

"*.*6007"* 

■■'.ooio* 

""."6007" 

.  0006 

"0.* 

87,080 
89,140 

86.000 
88.000 

•••"jji- 
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AppUed  loads  on 
piston  of  reservoir. 

Piston 

moTe- 

nient. 

Enlargement  of  diameters  of  cylinder. 

Total 

Per 
square 
inch. 

I. 

2. 

3. 

4. 

5. 

& 

Poundt. 
41,200 
48,260 

Pound§. 
40,000 
42.000 
44.000 
46,000 
48,000 
50,000 
1,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
M  OOA 

Inch. 
.42 
.43 

:S* 

.46 
.   .47 
.08 
.47 
.49 
.50 
.51 
.52 
.58 
.54 
.50 

Inch. 


Inch, 

Ineh. 

iMh. 

Ineh, 

ilMft. 

45.320 
47.380 
49,440 
51.500 
1,030 
58,560 
55.620 
57,680 
59,740 
61,800 
6:1,800 
65,920 



.0006 

.0008 

.0018 

.0011 

.0006 

0. 

.......... 

:::::::::: 

80, 000        77i  610 

0                  0 
51,  500         50, 000 
95,000    ,    92,230 
106,000       102.910 

.0007 
.0004 

.0011 
.0016 

.0015 
.0021 

.0018 
.0021 

.0008 
.0018 

0. 
0. 

.47 

.......... 

1,080 

1,000 

.18 

.0005 

.0014 

.0021 

.0020 

.0010 

»• 

Test  dtscontinu^, 

.^Cylinder  removed  from  the  attachment,  and  the  reservoir  piston 
loaded  to  determine  the  resistance  of  the  copper  packing  or  wax  check 
after  having  been  expanded  during  the  test. 

It  was  found  that  2,000  pounds  per  square  inch  overcame  the  pack- 
ing resistance,  and  caused  flow  of  the  wax  through  the  ^inch  vent  at 
the  bottom  of  the  reservoir  chamber. 

The  vent  was  now  sealed,  and  the  piston  loaded  for  the  purpose  of 
determining  the  piston  movement  when  compressing  only  the  wax  in 
the  reservoir,  with  the  following  results: 


Applied  loads  on  piston  of 
reserroir. 


Per  sooare  , 
incn. 


Piston 
movement. 


Inch, 
0. 


Remarks. 


Initial  load. 


Poundt. 
1,000 

10, 000  .06 

15,000    '  .10 

20,000    .  .13 

Load  released  and  vent  opened,  allowing  slight  escape  of  wax.    Tent  sealed  and  piston 
again  loaded. 

InitUlload. 


1,000 
20,000 
30.000 
40,000 
50,000 

1,000 


0. 
.13 
.18 
.23 
.27 
.04 


The  wax  and  tallow  now  removed  from  the  cylinder  and  reservoir, 
and  the  farther  use  of  this  mixture  as  a  straining  material  discontinued. 

The  cylinder  was  again  placed  in  the  attachment  for  testing,  and 
both  cylinder  and  reservoir  now  charged  with  sperm  oil.  To  prevent 
the  oil  being  forced  through  the  pores  of  the  cast-iron  cylinder,  a  bees- 
wax lining  was  use4.  Gup-leather  packing  was  used  with  the  piston 
of  the  reservoir. 
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A  load  of  34,000  poaDds  per  square  inch  was  applied  to  the  piston 
when  the  leather  packing  blew  oat;  there  was  ''.01  clearance  of  the 
piston  in  the  reservoir  chamber. 

Measurements  now  taken  on  the  cylinder  showed  the  following  en- 
largement of  diameters  under  zero  load : 


1. 

1 

5. 

• 
6. 

!      Inch. 
1         .0008 

Jneh.      1       Ineh,      \      Inch. 
.0010    •         .0010             .0015 

Inch, 
.0005 

IiuK 
—.0001 

The  reservoir  chamber  was  rebored,  increasing  its  diameter  to  I'M 7, 
and  refitted  with  a  piston  which  closely  fitted  its  bore. 

The  cast-iron  cylinder  was  again  subjected  to  pressure,  using  water 
as  the  straining  fluid,  and  the  following  measurements  taken : 


Applied  loads  on  pis- 
ton of  reservoir. 

Enlargement  of  diameters. 

Bemarks. 

TotaL 

Persooare 
incn. 

1. 

"  1 

8. 

4. 

Inch. 
.0019 

5. 

6. 

Pounds. 
5,575 

Pound*. 

5,000 
10,000 
15,000 
30,000 
25,000 

5,000 
80.000 

5,000 
37,310 

0 

.0008 

Jneh.  1 
.0014 

Ineh. 
.0021 
.0022 
.0023 
.0027 
.0080 
.0023 

Inch. 
.0010 



Inch. 
-.0001 

Leaking  badly.  Load  sus- 
tained i  minate,  when 
supply  of  water  was  ex- 
taaasted. 



.0008 

*V66o7 

.0015 

.0021 

.0011 

^0001 

.ooi2 

1 

.0028 

.0020 

.0010 

^0002 

40,000 
0 

.0010 

.0016  i 

.0081 

.0084 

.0017 

.0002 

The  cylinder  was  covered  with  canvas,  when  i;0,000  pounds  per  square 
inch  pressure  was  applied ;  also  when  the  load  was  increased  to  37,210 
pounds  per  square  inch. 

The  reservoir  was  again  charged  with  water.  Under  10,000  pounds 
per  square  inch  pressure  a  fine  spray  was  forced  through  the  wall  of  the 
cylinder  near  the  middle  of  its  length.  Without  applying  further  press- 
ure to  the  reservoir  piston,  weeping  of  the  cylinder  continued  till  the 
internal  pressure  fell  to  3,000  pounds  per  square  inch. 

Then  rapidly  loading  the  piston,  a  pressure  of  30,000  pounds  per 
square  inch  was  obtained ;  but  the  leakage  again  overcame  the  pump, 
and  pressure  immediately  fell. 

Uncovering  the  cylinder,  an  irregular  fissure  was  found  extending 
about  1  inch  in  length  along  the  middle  of  the  length  of  the  cylinder. 
This  fissure  nearly  closed  when  the  cylinder  was  not  strained. 

Charging  the  reservoir  and  cylinder  with  glycerine  instead  of  water, 
a  pressure  of  27,860  pounds  per  square  inch  was  reached,  when  there 
was  sudden  yielding,  unaccompanied,  however,  by  any  sound  of  rupture. 

When  examined  after  the  test,  the  fissure  on  the  exterior  surface  of 
the  cylinder  could  be  followed  a  length  of  1 J  inches,  and  in  the  bore  a 
length  of  1  inch. 
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No.  2. 
Tangential  test. 
Marks  on  cylinder,  XII. 


Length  of  cylinder  exposed  to  internal  pressure  4 J''. 

Cylinder  and  reservoir  charged  with  glycerine  without  using  a  lining. 

Diameter  of  reservoir  piston,  l'M7. 

Sectional  area  of  reservoir  piston,  1.075  square  inches. 


AppUed  loftdt  on  platon 
ofreaeryoir. 

Enlargement  of  diameters  of  cylinder. 

Bemarka. 

Total. 

FerMoare 
incn. 

Beserroir 
end. 

Middle. 

Lower  end. 

Foundt. 
1,076 
5,875 
10,760 
12,  MO 
16,125 
10,350 
21.600 
23.660 
26.875 
30,100 

Foundt. 
1.000 
5,000 
10,000 
12,000 
15,000 
18,000 
20,000 
22,000 
25,000 
28,000 

Inch. 

0. 

0. 

.0001 
.0002+ 
.0068 
.0003+ 
.0004 
.0004+ 
.0006 
.0006 

IndL 

0. 

0. 

.0001+ 
.0008 
.0004 
.0004+ 
.0006 
.0007+ 
.0011 
.0017 

Ineh, 

0. 

0. 

.0001 
.0002 
.0008 
.0008+ 
.0004 
.0004+ 
.0006 
.0008 

Initial  load. 
Ultimate  atrengtiL. 

The  cylinder  failed  by  opening  an  irregular  fissure  about  2  inches 
long,  extending  from  near  the  middle  towards  the  reservoir  end  in  the 
plane  in  which  the  diameters  were  measured. 

The  cylinder  was  sustaining  the  maximum  load  (28,000  pounds  per 
square  inch)  while  the  final  diameters  were  measured.  On  account  of 
the  enlargement  taking  place  perpendicular  to  the  plane  of  these  meas- 
urements, the  progress  of  failure  was  more  rapid  than  the  diameters  in- 
dicate. 

After  removal  from  the  testing  machine  the  line  of  rupture  closed 
and  was  barely  perceptible  on  the  exterior  surface ;  at  the  bore  it  could 
be  more  readily  traced. 
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No.  3. 
Tangential  test 


Marks  on  cylinder,  XIII. 


Length  of  cylinder  exposed  to  internal  pressure,  4J''. 

Cylinder  and  reservoir  charged  with  glycerine  without  using  a  lining. 

Diameter  of  reservoir  piston^  1''.17. 

Sectional  area  of  reservoir  piston,  1.075  square  inch. 


Applied  loadB  on  pUton 
of  reBorvoir. 

, 

Benuttka. 

Beservoir 
end. 

Inch. 

Middle. 

Lower  end. 

Pounds^ 

Poundt. 

Inch, 

Ineh, 

1,075 

1.000 

0. 

0. 

0. 

Initial  load. 

5,375 

5,000 

0. 

0. 

0. 

10,750 

10,000 

0. 

.0002 

0. 

12,000               12,000 

0. 

.0002 

0. 

le,  125               15^  000 

0. 

.0002 

0. 

_ 

10,350               18,000 

.0002 

.0006 

.0002 

21,500  1             20,000 

.0008 

.0014 

.0006 

28,850  !             22,000 

.0008 

.0018 

.0008 

28,875 

25.000 

.0010 

.0020 

.0010 

30,100 

28,000 

.0014 

.0028 

.0012 

30,250 

80.000 

' 

The  cylinder  burst  into  halves  with  a  sharp  but  not  loud  report  just 
as  the  pressure,  which  was  being  gradually  increased,  had  reached 
30,000  pounds  per  square  inch. 

The  line  of  rupture  was  irregular,  and  oblique  to  the  axis  of  the  cylin- 
der, making  with  it  an  angle  of  about  6  degrees. 
8.  Ex.  35-19 


CoaSH-  <^^«y  Z^'o^  ^o^t.  ^^l^t^cTl^Cf^r'^ti;^ 


c^c?-^;^^  o.     s 


I      CTb  Z$f  X-isr^^-,^ 


\         t^th  ^tS7  ybTurtio-n^ 


c^,3;t^  o,    S 


\<^^ju3   a.     7 
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Cast  {gun)  iron  from  12"  mortar. 
ICast  by  South  Bo«ton  Iron  Works.] 

No.  286. 
Tension  test 


Mark  on 

bar,  4. 

Length,  25^ 

Diameter,  rM29. 

Sectional  area,  1  square  inch 

Applied 
loftds  per 

square 

inch. 

■»-ISr 

Permanent 
»et. 

SaooeMive 

penuAoent 

set. 

B^marks. 

Pounds. 

Jnoh.                Inch. 

Inch. 

Ineh. 

SOO 
1,000 

0. 
.000040 

0. 
0. 

Initial  load. 

*o666i6" 

2,000 

.000092    i          .000052 

0. 

8.000 

.000140    1          .000048 

.000032 

.*  066632' 

, 

4,000  . 

.000?32              .000092 

.000082 

0. 

5.000 

.000276    !          .000044 

.000036 

.000004 

6,000 

.000844 

.000068 

.000080 

.000044 

7,000 

.000448 

.000104 

.000088 

.000008 

8,000              .000628 

.000080 

.000088 

0. 

9,000 

,000584 

.000058 

.000088 

0. 

10,000 

.000652 

.000068 

.000002 

«.  000004 

11,000 

.000712 

.000060 

.000092 

0. 

12,000 

.000776 

.000064 

.000096 

.000004 

13,000 

.000886 

.000060 

.000100 

.000004 

14.000 

.000912 

.000076 

.000104 

.000004 

Elastic  Umit. 

16,000. 

.000984 

.000072 

.-000172 

.000068 

18.000 

.001124    i          .000140 

.000184 

.000012 

,      17,000 

.001208    ,          .000084 

.000208 

.000024 

18,000 

.001304    !          .000006 

.000228 

.000020 

19,  COO    1          .001408    i          .000104 

.  000264 

.000086 

20,000    '          .001521    i          .000118 

.000308 

.000044 

21,000    1          .001052    '          .000131 

.000364 

.000056 

22,000    i          .001792              .000140 

.000420 

.000056 

23,000    1          .001936              .000144 

.000504 

.000084 

24,000    !          .002124              .000188 

.000612 

.000108 

25,000              .0023*4    ;          .000220 

.000752 

.000140 

25,980    , ! 

Ultimate  strength. 

1 

General  tiimmary. 

Specific  gravity 7.262 

Hardness 12.96 

Tensile  strength  per  square  inch  of  original  section pounds . .      25, 980 

Elastic  limit  per  sanare  inch  of  original  section do 14,000 

Elongation  per  inch  under  strain  at  elastic  limit inch..  0.000912 

Position  of  rupture 3V  from  middle  of  bar. 

Character  of  broken  surface coarse  granular;  defectiTe; 

metal  at  circumference  of  fractured  snrfkce— cinder  spot. 
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No.  287. 

Tension  test. 


Mark  on  bar,  5. 

Length,  24". 

Diameter,  1".129. 

Sectional  area,  1  sqaare  inch. 


loads  per 
square 
inch. 

Elongation 
per  inch. 

Saocessive 
elonjEation 
per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

1 

1 

Poundt. 

Inch. 

Inch, 

Ineh. 

Inch. 

1 

500 
1,000 
2,000 
8,000 

0. 

.000021 
.000075 

0. 
0. 
0. 

Initial  load. 

.000021 
.000054 

.000187 

.000062 

0. 

4,000 

.000179 

.000042 

0. 

5,000 

.000233 

.000054 

0. 

6.000 

.000287 

.000054 

0. 

7.000 

.000846 

.000059 

0. 

8,000 

.000(08 

.000062 

.000013 

.000013 

9,000 

.000471 

.000063 

.000017 

.000004 

10,000 

.000529 

.000058 

.000029 

.000012 

11.000 

.000506 

.000067 

.000038 

.000009 

12,000 

.000667 

.000071 

.000046 

.000008 

18,000 

.000768 

.000091 

.000083 

.000087 

14,000 

.000825 

.000067 

.000088 

.000005 

Elastic  limit. 

15, 000 

.000904 

.000079 

.  000112 

.000024 

16.000 

.000971 

.000067 

.000129 

.000017 

. 

17,000 

.000058 

,000087 

.000150 

.000021 

18,000 

.001154 

.000006 

. 000175 

.000025 

19.000 

.001258 

.000104 

.000204 

.000029 

20,000 

.001350 

.000092 

.000254 

.000050 

21,000 

.001467 

.000117 

.000204 

.000050 

1 

22,000 

. 001596 

.001)129 

.000246 

.000042 

1 

23,000 

.001754 

.000158 

.000325 

.000079 

24,000 

.001933 

.000179 

.000425 

.000100 

25, 000 

.002158 

.000225 

.000554 

.000129 

1 

26,000 

.002450 

.000292 

.000808 

.000254 

27,000 

.002721 

.000271 

.000958 

.000150 

1 

27.900 

. 

Ultimate  strength. 

General  eummaiy. 

TensUe  strength  per  sqaare  inch  of  original  section ponnds..      27,900* 

Elastic  limit  per  sqaare  inch  of  original  section do 14,000 

Elongation  per  inch  under  strain  at  elastic  limit inch..  0.000625 

Position  of  rupture 2  inches  ftvm  middle  of  bar. 

Character  of  broken  surface coarse  granular. 
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Ko.  322. 


Compression  test. 

Mark  on  bar,  6. 

Length,  10". 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 


Applied 

loads 

per  square 

inoh. 

Compresaion 
per  inch. 

Sacceasive 

compression 

per  inch. 

Inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Poundt. 

Inch. 

Inch, 

Inch. 

500 

0. 

0. 

Initial  load 

1,000 

.000040 

."666646" 

0. 

Jk&A'Vft.lA    ft^#«MA. 

2,000 

.000090 

.  000050 

0. 

3,000 

.  000130 

.000040 

0. 

4,000 

. 000180 

.  000050 

0. 

5,000 

.  000210 

.000030 

0. 

e.000 

7,000 

.  000290 
.  000310 
.  000390 

.  000080 
.  000020 
.000080 

0. 
0. 
0. 

8,000 

::;:::::::::: 

9,000 

.000410 

. 000020 

.  000010+ 

.000010+ 

10,000 

.  000480 

.000070 

.  000020 

.  000010- 

11,000 

.  000020 

.  000040 

. 000040 

.  000020 

12,000 

.000600 

.  000080 

. 000050 

.  000010 

13,  000 

.  000640 

.000040 

. 000060 

.000010 

14,000 

.  000710 

.  000070 

. 000080 

.000020 

15.000 

.  500790 

.  000080 

.000090 

. 000010 

16,000 

.  000810 

.  000020 

.  000090 

0. 

17,000 

.  000880 

.  000070 

.  000100 

.  000010 

18,000 

.000950 

.000070 

.  000100 

0. 

19,000 

.  001010 

.000960 

.000110 

.  000010 

20,000 

.  001090 

.  000080 

. 000130 

.  000020 

21.000 

.001140 

.000050 

. 000150 

.  000020 

22,000 

.001200 

.000060 

.  000160 

.  000010 

23,000 

. 001280 

.000080 

.000180 

.000020 

24,000 

.  001350 

.000070 

.  000200 

.000020 

25,000 

.  001420 

. 000070 

.  000210 

.000010 

26,000 

.  001510 

.000090 

.000250 

.000040 

27,000 

.001600 

.000090 

.  000290 

.000040 

28, 000 

.  001700 

.000100 

.000330 

.000040 

29,000 

. 001790 

. 000090 

.000390 

.000060 

30,000 

. 001900 

.000110 

. 0004i0 

.000050 

31,000 

.002010 

.000110 

.  000510 

. 000070 

32. 000 

.002190 

.060180 

.000610 

.  000100 

38,000 

.002310 

.000120 

. 000730 

.000120 

34,000 

.002560 

.  000250 

.000890 

.000160 

35.000 

.002790 

.000230 

. 001100 

.000210 

36.000 

.  003040 

.000250 

.001290 

.000190 

Deflection  perceptible. 

37,000 

.  003360 

.  000320 

.001600 

.  000310 

38,000 

.  003700 

.  000340 

.001820 

.000220 

deflection  at  middle, 

".01  ±. 

46,200 

Ultimate  strength. 



Failed  by  triple  flexure. 

Middle  deflection  under  maximum  load,  'M7. 
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Mark  on  bar,  7. 
Length,  10". 
Diameter,  1".129. 
Sectional  area,  1  square  inch 


No.  323. 
Compression  test. 


per  square 
inch. 

Compression 
per  inch. 

Snocessive 

compression 

per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Bemarks. 

PouTids. 

Inch. 

Inch. 

Inch. 

Inch. 

500 

0. 

0. 

Initial  load. 

1,000 

.000050 

.oooosb" 

.000020 

.'666620" 

2,000 

.000090 

.000040 

.000030 

.000010 

3,000 

.000150 

.000060 

.000030 

0. 

4,000 

.000200 

.000050 

.000040 

.000010 

5,000 

.000240 

.000040 

.000040 

0. 

6,000 

.000290 

.000050 

.000040 

0. 

7,000 

.000370 

.000080 

.000070 

.000030 

8,000 

. 000420 

.000050 

.000070 

0. 

9,000 

.000480 

.000060 

.000080 

.  000010 

10,000 

.000510 

.  000030 

.000100 

.000020 

11,000 

.000570 

.000060 

.000100 

0. 

12,000 

.000630 

.000060 

.000100 

0. 

13.000 

.000600 

.000060 

.000110 

.000010 

14,000 

.000750 

.000060 

.  000110 

0. 

15,000 

.000800 

.000050 

.  000180 

.000020 

16.  000 

.000880 

.000080 

.000150 

.000020 

17,000 

.000930 

.000050 

.000160 

.000010 

18,000 

.001010 

.000080 

.000170 

.  000010 

19,000 

.001070 

.000060 

.000180 

.000010 

20,000 

.  001110 

.  000040 

.  000200  ' 

..000020                                                  I 

21.000 

.001190 

.000080 

.000210 

.000010 

22,000 

. 001250 

.000060 

.000220 

.000010 

23,000 

. 001320 

.  000070 

.000240 

.000020 

24,000 

.001400 

.000080 

.000260 

.000020 

25,  000 

.001480 

.000080 

.000290 

.000030 

28,000 

.001640 

.000060 

.000300 

.000010 

27,000 

.  001620 

.000080 

.000320 

.000020 

28,000 

.001720 

.  000100 

.000380 

.000060 

29.000 

.001820 

.000100 

.000420 

.000040 

30, 000 

.  001920 

.000100 

.000450 

.  000030 

31.000 

.  002020 

.000100 

.000510 

.000060 

32,000 

.  002170 

.000160 

.000610 

.000100 

88, 000 

.002320 

.000150 

.000700 

.000090 

34,000 

.002490 

. 000170 

.000820 

.  000120      Deflection  perceptible. 

35. 000 

.002720 

.000230 

.  001020 

.000200 

36,000 

.002920 

. 000200^ 

.001160 

.  000140 

87,000 

.003090 

. 000170 

. 001330 

.000170 

38,000 

.003350 

.000260 

.001500 

.  000170      Micrometer  removed. 

47,200 

Ultimate  strength. 

Failed  by  triple  flexure. 

Middle  deflection  under  the  maximum  load,  ".07. 


TESTS   OF   IRON  AND   STEEL   AND   OTHER   MATERIALS.      295 

No.  324. 

Compression  test. 

Mark  on  bar,  8. 

Length,  W. 

Diameter,  KM29. 

Sectional  area,  1  square  inch. 


CompresBion 
per  inch. 

Snoceesiye 

oompression 

per  inch. 

Permanent 
Bet 

Saoceeaiye 

permraent 

set. 

BemarkB. 

Poundi. 

Inch. 

Inch. 

Inch. 

Ineh. 

600 

a 

0. 

Initial  load. 

1,000 
2,000 

.000080 

."ooooao" 

.050050 

0. 
.000020 

.*  000020* 

8,000 

.000180 

.000060 

000020 

0. 

4,009 

.000170 

.000040 

:000020 

0. 

5,000 

.000220 

.000050 

.000020 

0. 

6,000 

.000260 

.000040 

.000020 

0. 

7,000 

.000310 

.000050 

.000020 

0. 

8,000 

.000380 

.000070 

.000020 

0. 

9,000 

.000410 

.000080 

.000020 

0. 

10,000 

.000470 

.000160 

.000080 

.000010 

11,000 

.000520 

.000060 

.000040 

.000010 

12,000 

;  000670  . 

.000060 

.000050 

.000010 

18,000 

.000680 

.000060 

.000060 

.000010 

14,000 

.000670 

.000040 

.000060 

0. 

16,000 

.000740 

.000070 

.000070 

.000010 

16.000 

.000790 

.000050 

.000080 

.000010 

17,000 

.000860 

.000060 

.000080 

0. 

18,000 

.000910 

.000060 

.000090 

.000010 

19,000 

.000970 

.000060 

.000100 

.000010 

20,000 

.001089 

.000060 

.000110 

.009010 

21,000 

.001090 

.000060 

.000120 

.000010 

22,000 

.001160 

.000060 

.000180 

.000010 

28.000 

.001200 

.000060 

.00OL5O 

.000020 

24,000 

.001280 

.000080 

.000160 

.000010 

25,000 

.001340 

.000060 

.000180 

.000020 

26.000 

.001420 

.000080 

.000200 

.000020 

27,000 

.001490 

.000070 

.000220 

.000020 

28,000 

.001560 

.000070 

.000280 

.000010 

29,000 

.001640 

.000080 

•  .000260 

.000080 

80,000 

.001720 

.000080 

.000290 

.000030 

31,000 

. 001810 

.000090 

.000820 

.000080 

32,000 

.001900 

.000090 

.000870 

.000060 

33,000 

.002000 

.000100 

.000420 

.000060 

34,000 

.002110 

.000110 

.000490 

.000070 

36.000 

.002250 

.000140 

.000680 

.000040 

36,000 

.002380 

.000180 

.000630 

.000100 

87,000 

.002630 

.000150 

.000780 

.000100 

38.000 

.002730 

.000200 

.000860 

.000180 

39,000 

.002940 

.000210 

.001030 

.000170 

40,000 

.003190 

.000250 

.001280 

.000200 

41,000 

.003430 

.000240 

.001480 

.000200 

42.000 

.008700 

.000270 

.001670 

.000240 

48,000 

.004090 

.000390 

.001950 

.000280 

44,000 

.004470 

.000380 

.0023^ 

.000870 

DeAeotion  percepti- 

46,000 

.004980 

.000510 

.002830 

.000610 

ble. 

46,000 

.005610 

.000580 

.003220 

.000390 

66,540 

Ultimate  Btrength. 



1 

1 



Failed  by  triple  fiexare. 

Middle  deflection  under  maximum  load,  ^'.2±. 


JtoZZ^SB^ 


4—       9  n    ^.     ..     „         . 

^  ^8,/o                                                                    ...                ) 

1 

h                   1 
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STEEL  TAKEN  FROM  BOOPS  FOB  12"  MORTAE. 
[From  the  liidrale  Steel  Works.— Oil  tempered  and  annealed.] 

No.  260. 


Temum  test 
Marks  on  bar,  M  A  1-1. 
Length,  6". 
Diameter,  '^564. 
Sectional  area,  .25  sqaare  inch. 


Applied  loads. 


Foundt. 
250 
1.250 
2,500 
S,750 
S»000 
6,260 
6,500 
6,750 
7.000 
7.250 
7.500 
7,750 
8,000 
8,250 
8,500 
8,750 
9.000 
0.250 
0,500 
0,750 
10.000 
10,250 
10.500 
10,750 
11,000^ 
11,250 
11,500 
11.750 
12.000 
12,250 
12.R0O 
12,750 
13,000 
18.250 
18,500 
13.750 
14.000 
U.250 
14,500 
14,750 
15,000 
15.250 
15.500 
15,750 
16.000 
16,250 
16,500 
16,750 
17,000 
17,250 
17,500 
18.000 
18,500 
10,000 
10,500 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
28,000 
28,500 
24,000 
24.500 


-—i  Elongation 
Per  sqaare ,  per  inch, 
inoh.       ' 


Founds. 
1,000 
5,000 
10.000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
20.000 
80.000 
31,000 
32.000 
88,000 
34,000 
85.000 
86.000 
87.000 
88.000 
39,000 
40,000 
41,000 
42,000 
48,000 
44.000 
46.000 
46.000 
47.000 
48,000 
49.000 
50,000 
51,.000 
52,000 
53,000 
54,000 
55,000 
56.000 
57.000 
58.000 
50,000 
60.000 
61.000 
62,000 
63,000 
64,000 
65,000 
66,000 
67.000 
68.000 
69,000 
70,000 
72,000 
74.000 
76,000 
78.000 
80,000 
82,000 
84,000 
86.000 
88.000 
90.000 
92,000 
94,000 
96.000 
98.000 


Inch. 
0. 

.000188 
.000267 
.000438 


.000788 
.000788 
.000817 


.000850 
.000867 


.000983 


.  001017 

.001050 

.001067 

.001100 

.001150 

.001200 

.001288 

.001250 

.001288 

.001300 

.001350 

.001867 

.001400 

.001483 

.001500 

.  001517 

.001533 

.001567 

.  001617 

.001650 

.001683 

.001700 

.  001717 

.001767 

.  001817 

.001867 

.001900 

.001938 

.002000 

.002033 

.002250 

.003038 

.008967 

.004717 

.005667 

.006450 

.007350 

.0100 

.0125 

.0142 

.0167 

.0183 

.0200 

.0217 

.0283 

.0267 

.0300 

.0333 

.0858 

.0383 

.0483 


Saocessive 
elongation 
per  inch. 

Permanent 
set. 

SncoesslTe 
set. 

Remarks. 

^  ..  .„..- 

Inch. 

Inch. 

0. 

0. 

0. 

.000017 
.000017 
.000017 

Ineh. 

Initial  load. 

re- 

.000183 

.000184 

.000166 
.000167 
.000183 
.000050 

.000017 
0. 
0. 

000084 

.000016 



.000017 

.000017 
.000016 

.000017 

0. 

.000050 

000034 

.000050 

*: 

.000083 
.000017 

.000017 

0. 

.000088 
.000060 



000050 

.000088 
.000017 

.000017 

0. 

.000088 



.000017 

.000050 

.000017 
000038 

.000038 

.000016 

.000083 

.000067 

.000017 

.OU0016 
.000034 

.000050 

.000017 

.000060 

000033 

.000038 

.600017 
.000017 

.000050 

0. 

.000050 

N 

.000050 

.000050 
.000033 
.000038 

.000067 

"."oooon" 

.000067  ' 

Slastio  limit. 

.000033 

.000217 

.000783 
.000034 

.000083 

.000866 

.000750 

.000050 

.000783 



Micrometer 
moved. 

.000900 
.002650 

.005188 

.004250 

.0025 

.0017 



.0025 

.0016 

.0017 

.0017 

.0016 

.0034 

.0083 



.0033 

.0025 

.0025 

.0050 
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Applied  loads. 


ToUd. 


Poundi. 
25,000 
26,500 
20,000 
26,500 

•  27,000 
27,300 
22,100 


incQ.       ' 


Poundt. 
100,000 
102, 000 
104.000 
106,000 
108, 000 
100,200 


elongation  ^''''^7' 
per  inch.  ***' 


Inch. 
.0483 
.0533 
.0617 
.0733 
.0967 


ItUih, 

.0050 
.0050 
.0084 
.0116 
.0234 


Inch. 


Bemarks. 


Inch. 


:i  ! 

.|  Ultimate  strength. I 
.1  Load   at  time  of 
firactnre. 


General  summary. 
Tensile  strength  per  squnre  inch  of  original  section pounds 


Elaatlc  limit  per  square  inch  of  oriKinafseotlon do.  . 

Elongation  per  Incn  after  mptare inch . . 

Elongation  per  inch  under  strain  at  elastic  limit do. . . 

Redaction  in  diameter  at  point  of  rupture    » do... 

Beduotion  in  area  after  rupture,  per  centum  of  original  section 

Position  of  rupture 1)'' from  neok. 

Character  of  broken  surfkce silky,  slightly  granular. 

Elongation  of  inch  sections 'M4  (".38  fractured  section),  'MS,  ".  12,  'M2.  ".10 


109.200 

68.000 

0.165 

.0020S3 

.164 

40.6 


No.  264. 

Tension  test. 
Marks  on  bar,  M  Ai — 2. 
Length,  6". 
Diameter,  ".564. 
Sectional  area  .25  square  inch. 


Applied  loads. 


Total. 


Pounds. 
250 
1.250 
2,500 
3,760 
5,000 
6,250 
7,600 
8,750 
10,000 
10,260 
10, 500 
10.750 
11.000 
11,250 
11,500 
11,750 
12,000 
12,250 
12,500 
12,750 
18,000 
13,250 
13,500 
18.750 
14,000 
14,250 
14,500 
14.750 
15,000 


I  Per  square 
I      incn. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25.000 
30, 000 
35,000 
40,000 
41.000 
42,000 
43,000 
44.000. 
45,000 
46,000 
47,000 
48, 000 
49,000 
50,000 
51,000 
52.000 
58,000 
54,000 
55,000 
56.000 
57,000 
58,000 
60,000 
60,000 


Elongation  '  ?Sf„^*f/r  I  Permanent !  ^"S!.^!:;? 
nerSch.     -j^-^^^u  ,        ^^        ,  permanent , 


per  inch. 


Remarks. 


Inch. 
0. 

.  000117 
.000267 
.000417 
.  000633 
.000683 
.000833 
.000983 
.001150 
.001167 
.001200 
.  001250 
.001283 
.001317 
.  001338 
.001367 
.001400 
.001433 
.001483 
.  001517 
.001550 
.001583 
. 001617 
.001667 
.001683 
.  001717 
.001800 
.001838 
.001950 


Inch. 


.000117 
.  00U150 
.000160 
.000116 
.000160 
.  000160 
.  000150 
.000167 
.000017 
.000033 
.000060 
.000033 
.000034 
.000016 
.000034 
.000033 
.000033 
.000060 
.000034 
.000033 
.000033 
.000084 
.000050 
.000016 
.000034 
.000083 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Inch. 


Initial  load. 


1!!. I!. .!...j  '*-'-*  *'--- 

'    0. 

i. .......  ... 

1 

0. 

• 

1      .OOOoi?    i      .000017 

.000117 


.000150 


.000133 


Elastic  limit. 
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Applied  loads. 


TotiO. 


I  Per  Bqaare  i 
inol). 


Elonwtlon  I  Succeiwive  ,  permanent '  Snccesalve 
J!^- 4!,«i:  elongation  t  ^^'  rrr  i  permanent 
per  inch.   I   perVh.  ***'        I        set. 

I  ! 


Poundt. 
16,250 
15.500 
15.750 
16,000 
10,250 
16.500 
16,750 
17,000 
17,250 
17,500 
18,000 
18.500 
lO.OOf 
10.500 
20.000 
20,500 
21.000 
21.500 
22.000 
22,500 
23,000 
23.500 
24.000 
24.500 
25,000 
25,500 
26,000 
26,500 
26,540 
22,700 


Pounds. 
61.000 
62,000 
63,000 
64.000 
65,000 
66,000 
67.000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86.000 
88,000 
90,000 
92,000 
94.000 
96,000 
98,000 
100,000 
102,000 
104,000 
106,000 
106,160 


I 


Inch. 

.002217 

.003867 

.004483 

.005850 

.006117 


.008617 


.  010350 

.0117 

.0133 

.0167 

.0175 

.0200 

.0233 

.0242 

.0258 

.0800 

.0317 

.0358 

.0400 

.0450 

.0500 

.0567 

.0667 

.0833 

.1183 

.1838 


Inch. 
.000267 
.001650 
.000616 
..001367  I 
.000267 


Inch. 


Inch. 


007167  I   .  00105U 
007633  '   .000466 


.003850 


.008700 


Bemarks. 


:i 


.000984 

.000666  ' J 

.  001007  '   .  007783  i   .  063983   Micrometer  r  e  • 

.  001350  1 moved. 

.0016 

,« ' 


.0034 
.0008 
.0025 
.0033 
.0009 
.0016 
.0042 
.0017 
.0041 
.0042 
.0050 
.0050 
.0067 
.0100 
.0166 
.0350 
.0150 


I 


•I 


•I 


.'  Ultimate  strength. 
.  Load  at  time  of 
j      Aracture. 


General  summary. 

Specific  gravity 7.8557 

Bardnees 23.04 

Tensile  strength  per  square  inch  of  original  section pounds. .      106, 160 

Elastic  limit  per  saaare  inch  of  originalseotion do...        59,000 

Elongation  per  incn  after  rupture inch . .         0. 165 

Elongation  per  inch  under  strain  at  elastic  limit do...      .001883 

Beduction  in  diameter  at  point  of  rupture ^ do . . .  .  144 

Eednction  in  area  after  rupture,  per  centum  of  original  section 44.4 

Position  of  rupture 2".  8fromneolc. 

Character  of  broken  surface granular,  radiating  from  a  dull  center. 

Elongation  of  inch  sections 'Ml, ",  1 6  (".  36  fractured  section). ".  1 4, ".  12, ".  10. 

No.  269. 

Tension  test. 
Marks  on  bar,  M.  Ai — 3. 
Length,  3'^ 
Diameter,  ''.560. 
Sectional  area,  .246  square  inch. 


Applied  loads. 


Total,      ^©rsouare     P«rinch.   ,   perlnch.  •«'•        |        wt. 

incn. 


Remarks. 


Initial  load. 
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Applied  loads. 

Elongation 
per  inch. 

Saccessive 
elongation 
per  inch. 

Permsnent 
set. 

Successive 

permanent 

set. 

Remarks. 

1 

Total 

Per  square 
Inch. 

Poundt. 
41.000 
42,000 
43.000 
44,000 
45.000 
46, 000 
47.  000 
48,000 
49.  000 
50.000 
51,000 
52,  000 
53,000 
54,000 
55.  OUO 
56,000 

57,  000 

58.  000 
59,000 
60,000 
61.000 
62.000 
63,000 
64,000 
65.  000 
66.000 
67.000 
68,000 
69,000 
70, 000 

72.000 
74,000 
76. 000 
78.000 
80,000 
82,  000 
84,000 
86.  000 
88,000 
90.000 
92.000 
94,  000 
96.  000 
98.  UOO 
100,  000 
102,  000 
104,  000 
106, 000 
107,240 

Poundt. 
10,086 
10. 332 
10,578 
10.824 
11,070 
11, 316 
11,562 
11,808 
12.054 
12.300 
12,3t6 
12,792 
13. 038 
13,284 
13, 530 
13,776 
14,022 
14,268 

Inch. 
. OOIOOO 

1      .  001067 
.001133 
.001167 
.  001200 

1      .  001233 
.001267 
.001207 
.001300 
.001333 
.  001367 
.  001433 
.  001467 
.  001500 
.  001. ->33 
.001600 
.  001633 
.001633 
.001667 
.  001700 
.  001700 
.001767 
.001900 
.002100 
.003300 
.004133 
. 005133 
.  005967 
.006833 
.007967 

.0100 
.0117 
.0133 
.0150 
.0167 
.0200 
.0217 
.0233 
.0250 
.  0283 
.0317 
.0350 
.0400 
.0433 
.0500 
.0600 
.0750 
.0933 
.1217 

Inch. 

0. 

.000067 
.000066 
.000034 
.  000033 
.000033 
. 000034 

0. 

.000033 
.  000033 
.  000034 
.  000066 
.  000034 
.  000033 
. 000033 
.000087 
.000033 

0. 

. 000034 
.  000033 

0. 

.000067 
. 000133 
.  000200 
.  001200 
.  000833 
.001000 
.  000834 
. 000866 
.001134 

.002033 

.0017 

.0016 

.0017 

.0017 

.0033 

.0017 

.0016 

.0017 

.0033 

.0034 

.0033 

.0050 

.0033 

.0067 

.0100 

.0150 

.0183 

.0284 

Inch, 

Inch. 

1 



:;:::;:::::: 

— .  000067 

0. 

1 



1 

1 

-.000067 



0. 



— .  000067 

0. 





14,514 

*'— .'000067 

14,760 
15. 006 
15,252 
15,498 
15,744 
15.990 
16,236 
16,  482 
16,  728 
16,974 
17,220 

17.712 
18,  204 
18,696 
19.188 
19,680 
20, 172 
20,664 
21, 156 
21,648 
22,140 
22,632 
23, 124 

0. 

EUistic  limit 



.001167 

.001234 

1 

;::::::::::: 

............ 

.005467 

.004300 

Micrometer    re- 
moved. 



1     

\ 

1 

1 



1 

23,  616 

1 

24, 108 

1 

24,600 

25, 092 

25,584 

26, 076 

26,380 

21,200 

fracture. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds.  -      107. 240 

Elastic  limit  per  sauare  inch  of  original  section do. ...        62, 000 

Elongation  per  inch  aft«r  rupture ^ Inch..  0.203 

Elongation  per  inch  under  strain  at  elastic  limit do. . .      .  001767 

Reduction  in  diameter  at  point  of  rupture do...  .  160 

Reduction  in  area  after  rupture,  per  centum  of  original  section '..  48. 8 

Position  of  r u  p t n r e I" .  5  ftom  neck. 

Character  of  broken  surface silk j%  &c..  cup-shaped  ends. 

Elongation  of  inch  sections  ".16  (".35  fractured  section),  ".  10 
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No.  270. 
Tension  test. 


Marks  on  bar,  M.  Ai — 4. 

Length,  3". 

Diameter,  ".559. 

Sectional  area,  .245  square  inch. 


Applied  loads. 

• 

Elongation 
per Inch. 

Sucoeaslve 

SnocAiiAive 

Semarks. 

Total. 

Per  square 
inch. 

elongation   ^«™«»«"»t  permanent 
per  inch.           ^^        ,       sei. 

!    Pounds. 
245 

Pounds. 
1.000 
5.000 
10,000 
15,000 
20.000 
25.000 
80,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44.000 
45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
51.000 
52,000 
53.000 
54,000 
55,000 
66.000 
57.000 
58,000 
50,000 
60,000 
61,  000 
62,000 
63,000 
04,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
78,  000 
80,000 
82.000 
84.000 
86,000 
88.000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 

Inch. 
0. 

.000200 
.000333 
.003533 
.000633 
.000833 
.000933 
.001133 
.001267 
.001267 
.001300 
.001333 
.001367 
.001400 
.001433 
. 001467 
.001500 
.001567 
.001600 
.001600 
.001633 
.001667 
.001700 
.001767 
.001833 
.  001933 
.001967 
.002007 
.002267 

.003967 

.  004867 

.  O0G700 

.006467 

.  007233 

. 007967 

. 008833 

. 009767 

.010600 

.0133 

.0150 

.0167 

.0183 

.0217 

.0233 

.  0267 

.0300 

.0317 

.0350 

.0400 

.0417 

.0467 

.0533 

.0600 

Inch, 

Inch. 
0. 
0. 

Inch. 

Initial  load. 

1,225 
2.450 
3,676 
4,900 
6,125 
7,350 
8,675 
9,800 
•    10,045 
10,290 
10.  535 
10,780 
11.025 
11,270 
11.515 
11.760 
12,005 
12,250 
1        12. 495 

.  000200 

. 000133 
.000200 
.000100 
.000200 
.000100 
.000200 
.000134 

0. 

•   .000033 
.000033 
.000034 
.000033 
.000033 
.000034 
.000033 
.000067 
.000033 

0. 

.000033 
.000034 
.000033 
.000067 
.000066 
.000100 
.000034 
.000100 
.000200 
.  000700 
.001000 
.000900 
.000833 
.  000767 
.000766 
.000734 
.000866 
.  000934 
. 000833 
.0027 
.0017 
.0017 
.0016 
.0034 
.0016 
.0034 
.0033 
.0017 
.0033 
.0050 
.0017 
.0050 
.0066 
.0067 

0. 

0. 
0. 
0. 
0. 
0. 
0. 

.000033 

.000033 

.000067 

.000034 

I        12,740 

12, 985 
13,230 
13,475 
13, 720 
13.965 
14, 210 

.000100 

.000033 

Elaatio  limit. 

14, 455 

14, 700 
14,945 
15.190 
15, 435 
15,680 
15,925 
16, 170 
16,415 
16.660 
16,905 
17, 150 
17,640 
18. 130 

.000367 

.000267 

.004133 


.008766 

Micrometer      re- 
moved. 

.007967 

.003834 

18,  620 

19, 110 

,        19.600 

20.  090 

20.580 

21,  070 

21.500 

22,050 

22,540 

... 

23,  030 
23, 520 
24,010 
24,500 
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Applied  loads. 


Total. 


Pound*. 
24.090 
n,  480 
25,850 
21,500 


,  Per  square 
inch. 


'  Elongation  i  ^ii^^^/j®  Permanent 
perTnch.   ^^^.^^^         «3t. 


Pound*.  Inch. 

102,000  .0717 

104, 000  .  0867 

105,510  I      .1567 


Inch. 
.0117 
.0150 
.0700 


Inch. 


Sacoesslve ' 

pennanent  i 

set. 

I 


Remarks. 


Inch, 


.!  Ultimate  strength. 
.1  Load  at  time    of 
fractare. 


General  summary. 

Specific  gravity 7.8587 

Hardness 23.44 

Tensile  strength  per  square  inch  of  original  section pounds..      106,  510 

Elastic  limit  per  square  inch  of  original  section do. . .        58,  000 

Elongation  per  inch  after  rupture inch..  0. 21 

Elongation  per  inch  under  strain  at  elastic  limit do. . .      .  001907 

Reduction  in  diameter  at  point  of  rupture  do...  .  159 

Reduction  in  area  after  rupture,  per  centum  of  original  section 48. 6 

Position  of  rupture middle  of  stem. 

Character  of  broken  surface silky,  trace  of  granulation,  cup-shaped  ends. 

Elongation  of  inch  sections 'M3  (".38  firactured  section),  ".12. 

No.  284. 


Tension  test 


Marks  on  bar,  M.  Ai — 5. 

Length,  0'^ 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


I 


Total. 


Pound*. 

250 

1,250 

2,500 

8,750 

5,000 

6.250 

7,500 

7,750 

8,000 

8,250 

8,. 500 

8,750 

9.000 

9.250 

9.500 

9,750 

10,000 

10.250 

10,500 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12,250 

12,500 

12, 750 

13,000 

13, 250 

13,500 


squa 
ncD. 


inc 


Elongation   If^l^fi^^  !  PermMient  !?S?!^ll! , 


Pound*. 
1.000 
5,000 
10.000 
15,000 
20, 000 
25.000 
30,  000 
31,000 
32,000 
83,000 
34,000 
35.000 
36.000 
37,000 
38,000 

39,  000 

40,  000 
41.000 
42,000 
43.000 
44.000 
45,000 
46,000 
47,000 
48,000 
49.000 
50,000 
51.000 
52,000 
53,000 
54,000 


Inch. 
0. 

.000133 
.000350 
.000502 
.000667 
.000833 
.000067 
.001000 
. 001033 
.  001067 
.001100 
.001167 
.001200 
.001238 
.001250 
.  001283 
.001317 
.001850 
.001367 
.001283 
.  001417 
.001450 
.001533 
.001550 
.001567 
.001600 
.001633 
.001683 
.001700 
.001733 
.001767 


.000033 
.  ('00017 
.000016 
.000034 
.000038 
.000083 
.000017 
.000017 
.000033 
.000033 
.000050 
.000017 
.000083 
.00003-1 


per  inch. 


Inch. 

'.'666133  ' 

.  000217  > 

.000152  I 

.000165  ' 

.000166  ; 

.000134 
.000033  ' 
.000033 
.000034 
.  000033 
.000067 
.000033 
.000033  I 
.000017  I 
.000033  I 
.000034 


Remarlu. 


1 


Inch. 

0. 

0- 

.000017 
.000017 
.000017 
.000033 
.000033 


Inch. 


.000017 


i  Initial  load. 


.000016 


1 

......  ......  1 ......  ...... 

::::::::::::i:::::::::::: 

.000117 

.000084 

............ 

.000117 

0. 

.000167 

.066656 

.000167 

0. 

t 
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Applied  loadB. 


I 


Total. 


Poundi. 
13,750 
U.000 
14,250 
14,500 
14,750 
15,000 
15.250 
15,500 
15. 750 
16,000 
10,250 
16,500 
16,750 
17.  000 
17,250 
17,500 
17,750 
18,000 
18,250 
18,500 
18,760 
10,000 
10,250 
19,500 
10,750 
20,000 
20,500 
21,000 
21.500 
22,000 
22,500 
23,000 
23,500 
24.  000 
24,500 
25,000 
25, 500 
25,850 
21,400 


inol 


Bob. 


periuoh. 


Poundi. 
56.000 
66,000 
57,000 
58,000 
50,000 
60,000 
61. 000 
62,000 
63.000 
64,000 
65,000 
66,000 
67,000 
68.000 
69,000 
70.000 
71.000 
72,000 
73.000 
74.000 
75.000 
76.000 
77,000 
78.000 
79,000 
80.000 
82,000 
84,000 
86.000 
88,000 
90,000 
92,000 
04,000 
06.000 
08,000 
100,000 
102,000 
103,400 


Inch. 

.001800 

.001900 

.002000 

.002167 

.002450 

.003867 

.004450 


.006167 

.007067 

.007900 

.008500 

.009333 

. 010200 

.011117 

.012000 

.  012833 

.  013800 

.014450 

.  015667 

.016533 

.  017417 

.019383 

.020550 

. 021517 

.022500 

.0233 

.0283 

.0800 

.0333 

.0383 

.0417 

.0450 

.0533 

.0600 

.0717 

.0950 

.1217 


Inch, 

.000033 

.000100 

.OOUIOO 

.000167 

.000283 

. 001417 

.000583 


.000834 
.  000900 


.000600 
.000833 
.000867 
.000917 
.000883 


Permanent 
set. 

Snoceaalve 

permanent 

set. 

Inch, 
.000167 

Inch, 
0. 

Remarks. 


".001833 "ooiiii" 

1 

.000967 
.000650 
.001217  * 
.000866  , 
.000884  ! 
.001966  I 
.001167  1 
.000967  ' 
.000983  i 
.0008 
.0050   I 
.0017 
.0033 
.0050 
.0034 
.0033   I 
.0083    I 
.0067 
.0117 
.  0233    I 
.0267 


Elastlo  limit. 


.005550 

.003717 

.009338 

.003783 

.013533 

.oissoo 

Micrometer    re- 
moved. 


Ultimate  strength. 
Load    at    time    of 
fracture. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds . .      103, 400 

Elastic  limit  per  sauare  inch  of  original  section do . . .        55, 000 

Elongation  per  inch  after  rupture  inch..         0.162 

Elongation  perincb  under  strain  at  elastic  limit do...      .001800 

Beduotion  in  diameter  at  point  of  rupture do...  .154 

Eeduction  in  area  after  rupture,  per  centum  of  original  section 47. 2 

Position  of  rupture 1"  from  neck. 

Charact«r  of  broken  surface silky,  interspersed  with  minute  granular  spots. 

Elongation  of  inch  sections (".36  fractured  section),  ".16,  ".12,  ".12,  ".11,  ".10 
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No.  285. 

Tension  test 

Marks  on  bar,  M.  Ai — 6. 

Length,  6". 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 


Applied  loadB. 

Elongation 
per  incb. 

Successive 
elougatioD 
per  incb. 

Succesaive 

Total 

Per  BQUftre 
incn. 

i 

Pounds. 
250 
1,250 
2,600 
3,750 
5,000 
6,250 
7,500 
7,750 
8,000 
8.250 
8,500 
8,750 
9.000 
9,250 
9.500 
9.750 
10, 000 
10,250 
10,500 
10,750 
11, 000 
11,  250 
11,500 
11,760 
12,000 
12,250 
12.500 
12,750 
13.000 
13.250 

13,  500 
13,750 
14,000 
14.250 

14,  500 
14,  750 
15.000 
15.250 
15,500 
15,750 
16.000 

16,  250 
16,500 
16,750 

17,  000 
17,250 
17,500 
17,  750 
18,000 
18,250 
18,500 
18,750 
19,000 
19,  250 
19.500 

19,  730 

20.  000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,600 

Pounds. 
1,000 
5.000 
10,000 
15,  000 
20,000 
25,000 
30, 000 
31,000 
32,000 
33,000 
34.000 
35,000 
36,  000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46, 000 
47,000 
48.000 
49.000 
50,000 
51.000 
52.  000 
53,000 
54,000 
55,  000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,  000 
62,000 
63.000 
64,000 
65,000 
66,000 
67,000 
68.000 
69.  000 
70, 000 
71.000 
72,000 
73.000 
74.000 
75,  000 
76, 000 
77,000 
78, 000 
79, 000 
80,000 
82,000 
84.000 
86.000 
88,000 
90,000 
92,000 
94,000 

Inch. 
0. 

.  000167 
. 000333 
.  001)500 
.000617 
.  000800 
. 000950 
.  001000 
.  001017 
.  001033 
.  001050 
.001117 
.001183 
. 001200 
.001217 
.  001233 
.  001250 
.001283 
. 001333 
.001350 
.001383 
.  001417 
. 001450 
.0014is3 
.001517 
.001533 
.001567 
.  001667 
.  00168:i 
.  001700 
.001717 
. 0U1733 
.001850 
.  001867 
.001917 
.001933 
.  002017 
.002217 
.  003533 
.  004200 
.  005283 
.  006167 
.  006000 
.007600 
. 009033 
.  009.583 
.010667 
. 011250 
.012167 
.013100 
.014117 
.  015233 
. 016067 
.0169.33 
.017850 
. 018933 
.  020683 
.  0225 
.  0?.'>0 
.0275 
.  0308 
.0350 
.0392 
.0425 

Inch. 

"".hoo'm" 

.000166 
. 000167 
.000117 
. 000183 
.000150 
.000050 
.000017 
. 000016 
.000017 
.000067 
.000066 
.000017 
.  000017 
.  0i>0016 
.  000017 
.000033 
.000050 
. 000017 
.  000033 
.000034 
.000033 
.000033 
.000034 
.000016 
.000034 
.000100 
.000016 
.  000017 
.000017 
.  000016 
. 000117 
.  000017 
.000050 
.  000016 
.000084 
.  000200 
.001316 
.000667 
.  001083 

.  000733 

.000700 

.  001433 

.  000550 

.001084 

. 000583 

.  000917 

.  000933 

.001017 

.001116 

.OOOKJt 

.  000866 

.  000917 

.  001083 

.001750 

.001817 

.0025 

.  0026 

.0033 

.0042 

.0042 

.0033 

Inch. 
0. 

Inch. 

Initial  load.              ! 

.000033 
. 000033 
. 000033 
.000033 
.  000033 
.000033 

.666633 
0. 
C. 
0. 
0. 
0. 



.000067 

.000034 

. 000067 

0. 



1 

.000067     j    0. 

::::::::::::::::;::::::; 



.000067    1    0. 

1 

.000117    1      .000050 
1 

EUstio  limit. 

Micrometer  re- 
moved. 

.mm       .666066 

.663966  1    .6637!  7 

:::::::::::::::::;.::::. 



.008017    1      .004117 

'  "  1          

1 



. 012200 



1 

1 

■ 

.017367 
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▲ppltod  load*. 

-DlAaitrAtlAn 

per  inch.   |       ^^ 

i 

Saco«MiTO 

Tot--  j^-'i^r" 

per  inch. 

permanent '         Remarki. 

Mt 

Pmmds.       Poundi. 
24»000            98,000 
24,500           96,000 
25.000          100.000 
25.500          102.000 
28.000    *      104,000 
21.300    1 

Inch, 
.0488 
.0550 
.0875 
.0883 
.1482 

Inch.            Inch. 
.0068         

Inch. 

.0087        

UltimAteslrength. 
Load  at  time  of 
firaoture. 

.0125        i 

.0158         

.0850         

'^^^        1 

1  ■ 

1 

General  eummarjf. 

Tensile  strength  per  square  inch  of  original  aeotion pounds.. 

Slastio  limit  per  square  inoh  of  original  section do... 

Bongation  per  inon  after  mptaxe inoh.. 

« ^ ir  inoh  nnder  strain  at  elastic  limit do 


104,009 
68.  DO* 
0.17 
.00198S 
.184 


Bednctlonui  diameter  at  point  of  rupture do 

Reduction  in  area  after  rupture, per  centum  of  original  seotion 40.8 

Position  of  rupture |"  ftvm  middle  of  stem. 

Character  of  broken  surfMO sllkj,  interspersed  with  minute  granular  spota. 

Elongation  of  inch  sections 'Ml.  ".18  (".88  fractured  seotion). 'MS, 'M8,  ".Oft. 

8.  Ex.  35 20 


SEx3S48l 
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No.  94. 

Tension  test. 

Marks  on  bar,  M.  A  5 — 1. 

Length,  6". 

Diameter,  ''.564. 

Sectional  area,  .25  square  inch. 


Applied  loadii. 

sqn 
icn, 


ToUl 


PoUTldM, 

250 
1,250 
2.500 
8,750 
5.000 
8,250 
7.500 
8,750 
10.000 
11,250 
12.500 
12.750 
13,000 
13,250 
13.500 
13.750 
14,000 
14.250 
14,500 
14,750 
15.U00 
15,250 
15.500 
15. 750 
10.000 
10.250 
16.500 
16.750 
17,000 
17,250 
17,500 
17,750 
18,000 
18,  .;50 
18,500 
18,730 
19,000 
10,500 
20.000 
20,600 
21,000 
21,500 
22.000 
22;  500 
23,000 
28.500 
24,000 
24.500 
25.000 
25,500 
26^000 
2«,500 
27.000 
37,500 
27.750 
28,600 


Per  sqaare 
Ind 


I 

ElonmtloD  Sf  coeajive  |  penn«ient  S^ocewive 
«l!I.wi;      elongation      ''""T"'"'' ,  pernianeiit  Remarks, 

per  inch.      peptnch.   1        •«*•        1        set. 


Pounds, 
1,000 
5,000 
10.000 
15,000 
20.000 
25,000 
80,000 
85.000 
40,000 
45.000 
50.000 
51.000 
52,000 
53,000 
54,000 
65,000 
56. 000 
57.000 
58,000 
50,000 
60,000 
61.000 
62,000 
63,000 
64,000 
65.000 
66.000 
67.000 
68,000 
60,000 
70,000 
71.000 
72,000 
78.000 
74,000 
75,000 
76.000 
78.000 
80.000 
82.000 
84,000 
86,000 
88.000 
90,000 
92.000 
94,000 
96,000 
96,000 
100.000 
102,000 
104,000 
106,000 
108,000 
110,000 
111,000 


Inch. 
0. 

.000150 
.000338 
.000467 
.000050 
.00078H 
.000800 
.001083 
.001233 
.001400 
.001550 
.001600 
.001633 
.001650 
.001717 
.001750 
. 001783 
.001816 
.001833 
.001867 
.001917 
.001966 
.002000 
.002038 
.002007 
.002117 
.002150 
.002233 
.002316 
.002483 
.002983 
.003484 
.004450 
.006017 
.006467 
.007150 
.008150 
. 010188 
.011800 
.013433 
.015500 
.  017817 
.019800 
.022117 
.026666 
.028333 
.031667 
.085000 
.0383:i3 
.043838 
.048888 


.061667 
.078838 


Inch. 

'.oooiso 

.000183 
.000134 
.000183 
.000133 
.000017 
.000283 
.000150 
.000167 
.000150 
.000050 
.  000033 
.000017 
.000067 
.00U033 
.000033 
.000083 
.000017 
.000034 
.000050 
.U00049 
.000034 
.000033 
.000U34 
.000050 
.000033 
.000083 
.000083 
.000167 
.000500 
.000501 

.000066  , 

.000587   , 

.001450   

.000683  ,   .004560 
.001000 


.000100 


.000767 


.  001617 
.001638 
.002087 
.  001817 
.002488 
.002817 


.008817 


.019688 


.001887  I. 
.003384  ,. 


.006000 
.005000 
.005000 
.008384 

.018886 


.000033 


.000687 


.003788 


.004287 


.010686 


Blastio  limit. 


Miorometer  re- 
moTed. 


Ultimmte  etrengtb. 
Load  at  time  of 
raptor*. 
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While  sustaining  the  maximum  load,  the  elongation  slowly  increased 
".on.  The  load  then  began  to  fall  off,  which  continued  till  raptare 
took,  place. 

General  summary. 

Tensile  strenfcth  per  square  incb  of  oriffinal  section poonda  .  111,000 

Elastic  limit  per  sqnaro  inch  of  original  section do...    M,000 

Elonication  per  incD  after  rupture inch..      0.112 

Elongation  per  inch  under  strain  at  elastic  limit do...  .002150 

Beduction  ill  diameter  at  point  of  rupture I   do..        .164 

Seduction  in  area  aft«r  rupture,  per  centum  of  original  section 40.8 

Position  of  rupture ".9  fktnn  neck. 

Character  of  broken  sui  face granular,  00  per  centum ;  dull,  smoky  center,  40  per  oentuBL 


2Jo.  93. 
Tension  test. 


Marks  on  bar,  M  A5  — 2. 

Length,  6".00. 

Diameter,  ''.664. 

Sectional  area,  .25  square  inch. 


Applied  loads. 

Per  square 

Elongation 
per  inch. 

Suocessive 
elongation 
per  inch. 

Permanent 
set. 

SuccessiTc 
set. 

Bemarks. 

Total. 

Poundt. 

Poundt. 

Inch. 

TMh, 

Inch, 

Inch. 

600 

2,000 
10.000 

0. 

Initial  limd. 

3,600 

.000167 

.000167 

0. 

0. 

6.000 

20.000 

.000416 

.000249 

0. 

0. 

7,600 

80.000 

.0001*83 

.000417 

0. 

0. 

10,000 

40,000 

.001088 

.000260 

0. 

0. 

12.600 

60,000 

.001500 

.000417 

0. 

0. 

16.000 

00,000 

.001833 

.000333 

0. 

0. 

16,600 

02.000 

.001917 

.000084 

0. 

0. 

16,000 

64,000 

.002000 

.000083 

0. 

0. 

10.  MO 

66,000 

.002166 

.000166 

0. 

0. 

Elastic  limit. 

17,000 

68.000 

.002833 

.000667 

.000667 

.000667 

17,500 

70.000 

.004600 

.001067 

.002166 

.001499 

18,000 

72,000 

.006250 

.001750 

.003833 

.001667 

18,600 

74,000 

.007550 

.001500 

.005167 

.001384 

19.000 

76,000 

.000167 

.001417 

.006600 

.001483 

10,600 

78.000 

.011088 

.001916 

.006166 

.001666 

20,000 

80,000 

.012600 

.001417 

.009750 

.001584 

20,500 

82,000 

.014438 

.001033 

.011500 

.001750 

21.000 

84,000 

.016250 

.001817 

.013088 

.001588 

22,000 

88,000 

.020667 

.004417 

.017500 

.00U17 

23,000 

92,000 

.025666 

.004909 

.022167 

.004667 

24.000 

06,000 

.031667 

.006001 

.027883 

.005666 

2.%  000 

100.000 

.039000 

.007333 

.034917 

.007084 

26.000 

104.000 

.060000 

.011000 

.045667 

.010760 

27,000 
27,960 
24,200 

108,000 
111.800 



■"•" 

Ultimate  strength. 
Load  at  time  of  rup- 
ture. 





• 

General  summary. 

Hardness 24.84 

Tensile  strength  per  square  inch  of  original  section pounds..      111,800 

Elastic  limit  per  square  inch  of  originalsection  do...        66,000 

Elongation  p«sr  inch  afU^r  rupture     .     inch..    0.16 

Elongation  per  inch  under  strain  at  elastic  limit do...      .002168 

Reduction  in  diameter  at  point  of  rupture do...      .114 

Beduction  in  area  after  rupture,  per  centum  of  original  section do...  SC.4 

Position  of  rupture T'.S  from  neok. 

Character  of  broken  surface,  granular,  radlnting  fh»m  a  dull  smoky  colored  spot  ".18  diameter  at  ths 

center  of  the  bar. 
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No.  97. 

Tension  test 
Marks  on  bar,  M  A5— 3. 
Length,  S'^OO. 
Diameter,  '^664. 
Sectional  area,  .25  square  inches. 


Applied  iMda. 

EIOIlKAtiOD 

per  Inch. 

Succeesive 
elonjrfttion 
per  inch. 

Inch, 

Peimanent 
set. 

Snooes- 

slve  per- 

manent 

set. 

Ineh, 

Remarks. 

Total. 

Per  BQ  aare 
incii. 

Poundt. 
250 
1.250 
2,500 
8,750 
5,000 
6,250 

Poundt, 
1,000 
6,000 
10.000 
15,000 
20,000 
25.000 
30,000 
85,000 
40.000 
45,000 
50.000 
51.000 
52,000 
53,000 
54.000 
65,000 
56,000 
57.000 
58,000 
59,000 
60,000 
61,  000 
62,000 
63.000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 

82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
96,000 
100,000 

102,000 
104,000 
106,000 
108,000 
110,000 
112,000 
114,000 

Tneh. 
0. 

.000066 
.000266 
.000400 
.000588 
.000700 
.000883 
.001033 
.001200 
.001307 
.001500 
.001567 
.001633 
.001700 
.001733 
.001733 
. 001767 
.001767 
.001800 
.001867 
.001900 
.  001966 
.  002000 
.  002033 
.002067 
.002067 
.002100 
.002133 
.  002200 
.  002267 
.002400 
.002500 
. 002700 
.003067 
.003667 
004300 
.005100 
.005667 
.006667 
.007367 
.008167 

.009767 
.  011400 
.013400 
.015167 
.  017000 
.018300 
.020667 
.022283 
.024500 
.027100 

.030000 
.036067 
.040000 
.043888 
.040007 
.050000 
.000000 

Ineh. 

Initial  load. 

Elastic  limit. 

Rested  under  initial 
load  one  hoar. 

Micrometer  re- 
moved. 

.000000 
.000266 
.000134 
.000i:i3 
.000167 
.000138 
.000200 
.000167 
.000167 
..000133 
.000067 
.000066 
.000067 
.000033 

0. 
.000034 

0. 

.000033 
.000067 
.  000033 
.000066 
.000034 
.000033 
.000034 

0. 
.000033 
.')00033 
.000067 
.000067 
.000133 
.000100 
.000200 
.000367 
.000600 
.000633 
.000800 
.000567 
.001000 
.000700 
.000800 

.001600 
.0OIB33 
.002000 
.001767 
.001883 
.001300 
.002367 
.001506 
.002267 
.002600 

.002000 
.000607 
.003833 
.008838 
.008884 
.008888 
.010000 

0. 
0. 
0. 
0. 
0. 

• 

7,500 
8,760 

10,000 

11,260 
12,500 
12,750 

13,000 
13,250 

:::::::::::: 

13,500 

13,750 
14,000 

.000033 



.000033 


14,250 

14, 500 

14, 750 

15,000 
15,250 
15,500 
15,760 
16,000 
16,250 
16,500 
16,750 
17.000 
17,250 
17,500 
17,760 
18.000 
18,  250 
18.500 
18,750 
19,000 
19,250 
19.500 
19,750 
20,000 

20,500 
21,000 
21,500 
22,000 
22,500 
28,000 
23,600 
24,000 
24,500 
25,000 

25,600 
26,000 
26,600 
27,000 
27,600 
28,000 
28,600 



.000033 

0. 

. 

.000033 

0. 



.000100 

.000067 



.001700 

.001600 

.'.y.'.'.'.v 

.665167 

.668467 

.  613366 


.008133 

.022867 

.000607 
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Applied  loads. 


T«t»i.  i^'a.*" 


ElonntioD 
per  inch. 


SacoeMtTe 
elensiition 
per Inoh. 


Permanent '®'*«****^^! 
™t        ;  permanent 


Bemarka. 


28,000 
20,600 
29,680 
25,600 


Pounds.    I      Inch.      ,       Inch.  Inch.  Ineh.      I 

116,000    i      .070000    I      .010000 i 

118.000    '      .093333  .023333    ! I I 

118.720  .113333    ;      .020000    > ,  Ultimate  atrength. 

I  Load  at  time  of 

I  '  '  .     rapture. 


General  summary. 

Tensile  atrength  per  sqnare  inch  of  original  section pounds. . 

Elastic  limit  per  square  iuch  of  original  section . do  ... 

Elongation  per  inch  after  ruptore inch.. 

Elongation  per  inch  nndor  strain  at  elastic  limit do 

Reduction  in  diameter  at  point  of  ruptu  1^6.  do 

Bednction  in  area  after  ruptUro,  per  centum  of  original  sei'tion 


118,730 
67,000 
0.167 
.002133 
.124 
80.2 


Position  of  rupture ".     ...'. T. 1"  from  neck. 

Character  of  brokec  surfiico Granular,  80  per  cent  dull,  smokj ;  center,  20  p«r  cent. 


No.  98. 

Tension  test 
Marks  on  bar,  M  A5 — 4. 
Length,  3'^ 
Diameter,  ''.664. 
Sectional  area,  .25  sqnare  inch. 


Elongation 
per  inch. 


Pounds. 
250 
1,250 
2,500 
3,750 
5,000 
6.25P 
7,500 
8,750 
10,000 
11,250 
12.500 
12,750 
13,000 
18,250 
13.600 
18,750 
14,000 
14,250 
14,500 
14,750 
15.000 
15,250 
16^500 
15,750 
16,000 
16,250 
16,600 
16,750 
17,000 
17,250 
17.600 
17,750 
18,000 
18,250 
18,500 
18,760 


Poutids. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35.000 
40,000 
45.000 
50,000 
51.000 
52.000 
53,000 
54,000 
55,000 
56,000 
57.000 
58,000 
50.000 
60,000 
61.000 
62,000 
68,000 
64,000 
65.000 
66.000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
78,000 
74,000 
75,000 


Inch. 
0. 

.000067 
.000167 
.000367 
.000500 
.000700 
.000833 
.001033 
.001167 
.001333 
.001533 
.001567 
.001600 
.  0016:{3 
.  001788 
.001767 
.001800 
.001800 
.001867 
.001867 
.001033 
.001967 
.002000 
.002067 
.002133 
.002288 
.002867 
.002667 
.002000 


.004200 
.004838 
.005367 
.006067 
.007083 
.007638 


8ucc<^s8ive 
elongation 
per  inch. 


Permanent 


SnocessiTe  < 
peimiinent 

set.       I 


Remarka. 


Inch. 


Inch. 


Inch. 


.000067 
.000100 
.  000200 
.  0001.33 
.000200 
.000133 
.0002IH) 
.000134 
.000166 
.OOU200 
.000034 
.000033 
.000033 
.000100 
.000034 
.000033 

0. 
.000067 

0. 

.000066 
.000034 
.000033 
.000067 
.000066 
.000100 
.000134 
.000200 
.000338 
.000033 
.000667 
.000633 


Initial  load. 


.000700 


—.000100  i  —.000100  I 


.000100 

—.000100 

—.000100 

—.000067 

0. 

0. 

.000033 
.000067 


.000033  I 
.000067 


.000033 
.000034 


.|. 


.000067 


.000067  , 


.000100  I 


.000033 


.001700 


.001600 


.004867 


.008167 


Elastic  limit. 
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Applied  loads. 


Total. 


M1UU 

Dcn. 


incl 


BIoDsation 
per  inch. 


SuooewlTe 
•longatfon 
per  inch. 


Pemument 


SaeeeitiTe 

permanent 

set. 


Bemarks. 


Paundt. 
18,000 
19,250 
19.500 
19,750 
20, 000 
20,500 
21.000 
21.500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 
25.000 
25,500 
26,000 
26,500 
27.000 
27.500 
28,000 
28.500 
29.000 
29,  QUO 
25.900 


Pounds. 
76,000 
77,000 
78,000 
70.000 
80.000 
82,000 
84,000 
86,000 
88.000 
90.000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104,000 
106,000 
108,000 
110,000 
112,000 
114,000 
116.  000 
116,200 


Jnek. 

.008500    I 

.009067    I 

.010088 

.010767 

.  011700 

.013383 

.015000 

.016833 

.018633 

.020433 

.022100 

.024367 

.027100 

.029500 

.032333 


.036667 
.040000 
.046667 
.053833 
.060000 
.073383 
.103383 
.113333 


Jnek. 

.000867 
.000567 
.000966 
.000784 
.000933 
.001633 
.  001667 
.001833 
.001800 
.001800 
.001667 
.002267 
.002733 
.001600 


.001000 
.003334 
.003338 
.006067 
.006666 
.006667 
.013333 
.080000 
.010000 


Jneh. 


Inch, 


.008567 


.003700 


.016833 


.008266 


.027900 


.  011067 


MiorometerremoTed. 


Ultimate  strength. 
Load  at  time  of 
rapture. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section poaods..    116,206 

Xlastio  limit  per  sqnare  inch  of  original  section do...      62; 000 

Elongation  per  Inch  after  rupture inch..       0il78 

Idongatlon  per  inch  under  strain  atelastic  limit do...    .002000 

Seduction  in  diameter  at  point  of  rupture .do...         .004 

Seduction  in  area  after  rupture,  per  centum  of  original  section do...         80.  8 

Position  of  rupture ".86  fttnn  middle  of  stem 

Character  of  broken  surface granular,  70  per  cent. ;  dull  smoky  center,  80  per  cent. 

No.  95. 

Tension  test. 
Marks  on  bar,  M  A5 — 5. 
Length,  6''. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 


Applied  loads. 

Successive 

Permanent 
set 

Successive 

Total. 

Per  sauare 
inch. 

^^-e-  t?ffi- 

permanent            Remarks, 
set. 

Pounds. 

250 

1,250 

2,500 

8,760 

5,000 

6,250 

7,500 

8,750 

10,000 

11,250 

12,500 

12,750 

18,000 

13,260 

18.600 

18.750 

14.000 

Pounds. 
1.000 
5,000 
10,000 
15,000 
20,000 
26,000 
80,000 
86,000 
40,000 
46^000 
50,000 
51,000 
52,000 
58,000 
54,000 
66,000 
66,000 

Inch, 
0. 

.000133 
.000317 
.000433 
.000550 
.000683 
.000888 
.001060 
.001138 
.001288 
.001466 
.001600 
. 001516 
.001660 
.001588 
.001616 
.001660 

Jneh, 

Inch. 

Inch. 

Initial  load. 

.000183 
.000184 
.000116 
.000117 
.000188 
.000160 
.000167 
.000138 
.000160 
.000183 
.000084 
.000016 
.000084 
.000088 
.000083 
.000034 

0. 
0. 
0. 
0. 
0. 
-.000016 

—  .000016 

—  .000088 

—  !  000016 

—  .000016 

— '.ooooii' 

0. 
—  .000017 
.000017 
0. 

—  .000016 

0. 

^12      TESTS   OF  IBON   AND   STEEL  AND   OTHEB  MATERIALS. 


Applied  loads. 


T«tia. 


Powidt. 
14,250 
14,500 
14,750 
15,000 
15,250 
15,500 
IS,  750 
l<,OtO 
16,250 
ie.500 
10,750 
17,000 
17,250 
17,500 
17.750 
18,000 
18,250 
18,500 
18,750 
19,000 
10,250 
10,500 
10,750 
20,000 
20,500 
21,000 
21.500 
22.000 
22,500 
23,000 
28,500 
24,000 
24.500 
25,000 
25,500 
26,000 
26,500 
27,000 
27,500 
28,000 
28,500 
20.000 
29,500 
20,900 
26.800 


Persqiiare 
inon. 


Poundt. 
57,000 
58,000 
50,000 
00,000 
01,000 
62,000 
68,000 
64,000 
65,000 
66,000 
67,000 
66,000 
60,000 
70,000 
71,000 
72,000 
78,000 
74,000 
75,000 
76.000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104.000 
106, 000 
108,000 
110.000 
112,000 
114, 000 
116,000 
118, 000 
119,600 


Elongation 
per  inch. 


.001683 
.001716 
.001788 
.001767 
.001816 
.001850 
.001866 
.001900 
.001933 
.001983 
.002016 
.002050 


.002150 
.002183 
.002300 
.002417 
.002666 
.003188 


.004467 
.005016 
.006083 
.006900 
.008667 
. 010167 
. 011966 
.013850 
.015583 
.016666 
. 018833 
.020000 


SnoceaeiTe 
elonntion 
perlnoh. 


.026667 
.028333 
.031666 


.036667 
.041666 
.046667 
.050000 
. 060000 
.066666 


Inch, 


.000088 
.000017 
.000084 
.000049 
.000034 
.000016 
.000084 
.000088 
.OOtOSO 
.000038 
.000034 
.000033 
.000067 
.000038 
.000117 
.000117 
.000249 
.000517 
.000700 
.000584 
.000549 
.001067 
.000817 
.  001767 
.001500 
.001799 
.001884 
.001683 
.001183 
.001667 
.001667 
.008333 
.003334 
.001666 


.001667 
.003384 
.004909 
. 005001 


.010000 
.006666 


Permanent 


2neh. 


SncoesalTe 

permanent 

aet 


Ineh. 


.000016 


.000083 


008100  .008067 


.012000 


Bemarks. 


Blaatic  limit. 


.  008900  i  Micrometer  removed. 


I 


Ultimate  strength. 
Load   at   time   of 
rapture. 


General  aummary. 

Hardness 29.71 

Tensile  strength  per  sqaare  inch  of  original  section ponnds..    119,660 

Xlastio  limit  per  sqnare  inch  of  original  section do. . .      71, 000 

JBlongation  per  inch  after  rnptnre inch . .        0. 125 

Elongation  per  inch  under  strain  at  elastic  limit  do . . .    .  002183 

Seduction  in  diameter  at  point  of  rupture do. . .         .  114 

Keduction  in  area  after  rupture,  per  centum  of  original  section S6b4 

Position  uf  rupture ".7  from  neok 

Character  of  broken  surfitoe granular,  radiating  from  a  small,  dull  spot  near  center  of  bar 
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No.  96. 

.  Tension  test. 
Marks  on  bar,  MAs — 6. 
Length,  6''. 
Diameter,  ''.564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Poundi. 
250 
1,250 
2,500 
8,750 
5,000 
0,250 
7,500 
8,750 
10,000 
11,250 
12,500 
12,750 
13,000 
13,250 
13,500 
13,750 
14.000 
14,250 
14,500 
14,750 
15,000 
15,250 
15,500 
15,750 
16,000 
16.250 
16, 500 
18,750 
17,000 
17,250 
17,500 
17,760 
18,000 
18.250 
18.500 
18,750 
19.000 
10,250 
19,500 
19,750 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23.500 
24,000 
24,500 
25,000 
25,600 
26,000 
26,500 
27,000 
27,500 
28,000 
28,500 


!  Per  square 
iDon. 


Poundt. 
1,000 
6,000 
10,000 
15,000 
20.000 
25,000 
30,000 
85,000 
40,000 
45,000 
50,000 
51.000 
52,000 
53,000 
54,000 
56,000 
56,000 
57,000 
58,000 
59.000 
60,000 
01,000 
62,000 
63,000 
64.000 
65,000 
66,000 
67,000 
68.000 
60,000 
70,000 
71,000 
72,000 
73,000 
74.000 
75.000 
76,000 
77,000 
78,000 
79,000 
80.000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104,000 
106,000 
108,000 
110,000 
112,000 
114,000 


-i]>i<««— *!»« !  Successive 
nSfSS?  elongation 
per  inch.      pe/inch. 


0. 

.000100 
.000266 
.000438 
.000583 
.000766 
.000033 
.001100 
.001233 
. 001417 
.001567 
.001600 
.  001617 
.001650 
.001667 
. 001700 
.  001733 
. 001766 
.001800 
. 001833 
.001867 
.  001900 
.001933 
.001967 
.002000 
.002050 
.  002117 
.002150 
.  002183 
.002283 
.002450 
.  002816 
.003267 
.003767 
.004216 
.004966 
.005883 
.006450 
.007100 
.007783 
.008650 
.010183 
.011983 
.013600 
.01.'M83 
.017283 
.017500 


.020000 


.026667 
.030000 


.048833 
.066000 


Inch. 


Permanent 
set. 


SncoesslTe 

permanent 

set 


Inch. 


0. 

0. 

0. 

0. 

0. 

.000017 
.000017 
.000017 
.000033 
.000050 


Inch. 


.000017 

0. 

0.- 

.000016 
.000017 


1. 


I- 


.000066 


.000083 


.000016 


Remarks. 


Initial  load. 


I 


.000017 


.000100 
.000166 
.000167 
.000150 
.000183 
.000167 
.000283 
.000133 
.000184 
.000150 
.000033 
.000017 
.000033 
.000017 
.000033 
.0000.13 
.000033 
.000034 
.000033 
.000034 
.000033 
.000033 
.000034 
.000033 
.000050 
.000067 

.000033  1 I 

.000033     1 Elastic  limit. 

.000100   1 1 

.000167  '   .000350  j   .000267  | 

.000366 

.000451 

.000500 

.  000449 

. 000750 

. 000017 

.000567 

.000650 


Micrometer    re- 
moved. 


.000083 


0. 


.1. 


.002438 


.000867 
.001538 
.001800 
.001617 
.001833 
.001850 
.000217 
.000833 
.001667 


.003334 


.003333 


.  001667  i 

.005000  I 

.005000  , 

.0066<r7  I 


.005766 

.003333 

.  013760 

.007984 





..':.".*:;:;.'. 
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Applied 


Total. 


Elongation 
peruicb. 


inch 


Snooeaaive 
par  Inch. 


Snooenive 

pannanent 

set 


I 


Remarka. 


I 


Pounds. 
29,000 
29,500 

29.850    I 


Pounds. 
116,000 
118,000 
119.400 


Inch. 
.066000 
.080000 
.103383 


Inch. 


Inch. 


Inch. 

.010000    I I I 

.015000 

.023383    ■ TTltlmate  atrength. 

27,100    1 * '..'. ' I  Load  at  time  of  nxp- 

I  ;  I     tnre. 


General  Bummary, 

Tensile  streoKtb  per  sqnare  inch  of  original  section pounds..        119, tt* 

Elaaticlimit  per  sauare  inch  of  original  section do...         68,(iaC 

Elongation  per  inch  after  rupture inch  .        .127 

Elongation  per  inch  under  strain  at  elastic  limit    do...        .002183 

Beduction  in  diameter  at  point  of  rupture do...        .094 

Kednctioa  in  area  after  rupture,  per  centum  of  original  section 30.8 

Position  of  rnptore 1"  from  neck 

Character  of  broicen  aurface granular.  80  per  cent. ;  dull,  smoky  center,  20  per  c«itt 

No.  09. 

Tension  test 
Marks  on  bar,  M.  A^ — 7. 
Length,  3". 
Diameter,  '^564. 
Sectional  area,  .25  sqaare  inch. 


Applii 

Total. 

Pounds. 

250 

1.250 

2,500 

8,750 

6.000 

6.250 

7,500 

8,750 

10,000 

11,250 

12.500 

12,750 

13,000 

18.250 

18.500 

18,750 

14,000 

»dloada. 

Per  aqnare 
inch. 

Elongation 
per  inch. 

Inch. 
0. 

.000100 
.000267 
.000400 
.000533 
.000700 
.000800 
.000967 
.  001133 
.  001300 
.001433 
.001467 
.001600 
.001583 
.001567 
.001600 
.001667 
.001667 
.001700 
.001767 
.001767 
.001838 
.001867 
.001900 
.002000 
.002000 
.002100 
.902100 
.002188 
.002267 
.002600 
.008088 
.008767 
.004767 
.005767 
.0066«7 

SnccessiTe 
elongation 
per inch. 

Permanent 
set. 

1 
Sucoeaaire ! 

set.        1 

1 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20.000 
25,000 
30,000 
35,000 
40,000 
45.000 
50.000 
51.000 
62.000 
53.000 
54,000 
65,000 
56,000 
57,000 
68,000 
59,000 
60,000 
61,000 
62,000 
68.000 
64.000 
66.000 
66,000 
67,000 
68,000 
69.000 
70,000 
71.000 
72,000 
78.000 
74,000 
76,000 

Inch. 

Ineh. 

Inch. 

Initial  load. 

.000100 
.000167 
.000133 
.000133 
.000167 
.000100 
.000167 
.  000166 
.000167 
.000133 
.000034 
.000033 
.000033 
.000034 
.000033 
.000067 

0. 

.000033 
.000067 

0. 

.000066 
.000034 
.000033 
.000100 

0. 
.000100 

0. 

:  000134 
.000838 
.000438 
.000784 
.001000 
.001000 
.000800 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



-.000033 

-.000033 

14,250 

I 

141600 



14,750 

1 

1    15,000 
1    16,260 

0. 

.000033 

1 

16.500 

;    16,750 

1 

16.000 
16,260 
16.500 

! 

0. 

0. 

1 

16.750 



1 

1    17,000 

:::::::::::: 



Elastic  limit. 

17.260 

17.600 
17.750 

.000400 

.000400 

18,000 

::::::;;::::  :::::::::::: 

18,250 

18,500 

18.760 

.004000 

.008600 
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Appltodloiid^ 


TotaL 


Poundt. 
19.000 
10.250 
19,500 
19,750 
20.000 
20.500 
21,000 
21.500 
22.000 
22,500 
28.000 
23.500 
24.000 
24,500 
25.000 
25.500 
26.000 
26,500 
27,000 
27,500 
28,000 
28,000 


I  EloDoation 


PerMoare 
incn. 


elonfcation 


Poundt. 
76.000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
M,00« 
96,000 
98,000 
100,000 
102,000 
104,  000 
106,000 
108.000 
110,000 
112,000 


p"^'*i-i;s'Sch: 


Permanent 

Mt 


.007367 
.008867 
.009100 
.010188 
.010033 
.012767 
.016067 
.016838 
. 019067 
.021133 
.022767 
.  025467 
.028433 
.  031700 
.  036338 
.036667 
.  048333 
.  050000 
.060000 
.070000 
.003338 


Inch, 

.000800 

.001000 

.000733 

.001083 

.000800 

.001834 

.002300 

.001833 

.002234 

.002066 

.001634 

.002700 

.002966 

.003267 


.601334 
.006666 
.006667 
.010000 
.010000 


Sacoeislve 

permanent 

set. 


Bemarks. 


Inch.      I      Inch. 


.007933 


.008033 


.017567 


.009634 


.031000 


.018433 


Micrometer 
moved. 


Ultimate  strength. 
Load  at  time  of  rop- 
tnre. 


General  summarjf. 


Tenaile  strength  per  square  incb  of  original  section pounds.. 

Elastic  limit  per  square  inch  of  original  section do... 

Elongation  per  incn  after  rupture inch.. 


112,000 
68,000 
.18 

.002183 
.144 


Elongation  per  inoh  under  strain  at  elastic  limit do 

Bednction  in  diameter  at  point  of  rupture do 

Eednotion  in  area  after  rupture,  per  centum  of  original  section 44.4 

Position  of  rupture ".25  from  middle  of  stem. 

Character  of  broken  surface granular,  60  per  cent. ;  duU,  smoky  center,  40  per  cent. 


1^0.  100. 

Tension  test. 
Marks  on  bar,  M.  As — 8. 
Length,  3''. 
Diameter,  ''.564. 
Sectional  area,  .25  sqaare  inch. 


Applied  loads. 


Total. 


'  Persqoare 
I      inch. 


Elongation 
per  inch. 


Pounds. 
250 
1,260 
2,500 
3,750 
6.000 
6,250 
7,500 
8,750 
10,000 
11,250 
12,600 
12.750 
18,000 
18,260 
18,600 
18,760 
14,000 
14,260 
14,500 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
80,000 
85,000 
40,000 
46^000 
60,000 
51,000 
52,000 
58,000 
54,000 
66,000 
66,000 
67,000 
58,000 


Ineh. 
0. 

.000100 
.000267 
.000488 
.000567 
.000700 
.000867 
.001038 
.001138 
.001867 
.001600 
.001588 
.001600 
.001688 
.001667 
.001700 
.001788 
.001767 
.001800 


Successive 
elongation 
per  inoh. 


Ineh. 


Permanent  Successive] 

«i*r       ,  permanen t  •  Remarks. 

***•  set.       I 


Ineh. 


Ineh. 


.000100 
.000167 
.000166 
.000134 
.000188 
.000167 
.000166 
.000100 
.000284 
.000183 
.000088 
.000067 
.000088 


Initial  load. 


.000088 


.000088 
.000088 


.000088 


.000083 
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Applied  l<Mdt. 


Totid. 


Per  sanare 
Inon. 


Povndi, 
14.750 
15,000 
15,250 
15,500 
15,750 
18,000 
16,250 
16,500 
16,750 
17,000 
17,250 
17.500 
17,750 
18,000 
18,250 
18,500 
18,750 
10,000 
19,250 
10,500 
10,750 
20,000 
20,600 
21,000 
21,500 
22.000 
22,500 
23,000 
23,500 
24,000 
24,500 
25,000 
25,500 
26,000 
26,500 
27,000 
27,500 
28,000 
28,800 


Poundt. 
50,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67.000 
68,000 
00,000 
70.000 
71,000 
72,000 
73,000 
74,000 
75. 000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 
102, 000 
104.000 
106, 000 
108, 000 
110,  000 
112,000 
113,200 


EloDntlon 
permcb. 


!  I  ' 

SnoceMWe .  penn^ent  SuoceMlve 
elonmtion  *'"'?Vi"'"'''  permanent 
perlnch.     •**•   i   eet.   j 


Inch, 

.OOlftU 

.001900 

.001933 

.002000 


.002067 
.002100 
.002167 
.002338 
.002467 
.003000 
.003767 
.004467 
.005400 
.006183 
.007100 
.007767 
.008633 
.009267 
.  010167 
.  011033 
.  011933 
.013467 
.015867 
. 017433 
.019433 
.021467 
.  023233 
.025767 


.031433 
. 034700 
.036667 
.046667 
.050000 
.056667 
.066067 


RemarlLS. 


Inch. 

.000083 

.000067 

.000033 

.000067 

.000033 

.000034 

.000033 

.000067 

.000166 

.000134 

.000533 

.000767 

.000700 

.000933 

.000733 

.000067 

.000667 

.000866 

.000634 


.000866 
.000900 
.001534 
.001900 
.002066 
.002000 
.002034 
.001766 
.002534 
.003166 
.002500 
.003267 
.001967 
.010000 
.003333 
.  006667 
.010000 
.016666 


Inek. 


Inch. 


'".'ooooii'  I'i.* 

............ 

.000100 

.000067 



.001267 

.66ii67 

1 

.665106     .068888 
1 

1 

.008767  1   .003667 

; 



.0m67    .009000 

I 

.OSoisS    .612666 


.; 1  * 

1 

'     : 

1 

ElMtic  limit. 


I 


Micrometer  removed. 


Ultimate  strengtb. 


While  sustaining  the  maximum  load  the  bar  elongated  .04,  and  frac- 
tured suddenly. 

General  summary. 


Tensile  strength  per  aqaare  inch  of  ori^nal  section pounds..    113, 200 

Elastic  limit  per  sanare  inch  of  original  section do  ...      65,000 

Elongation  per  inon  after  rupture inch..  133 

Elongation  per  inch  under  strain  at  elastic  limit do...    .002100 

Reduction  In  diameter  at  point  of  rupture do...         .044 

Reduction  in  area  after  rupture,  per  centum  of  original  section  15.3 

Position  of  rupture ".6fh>mneok. 

Character  of  broken  surface granular,  radiating  ttom  a  small  surface  crack.    Two  small  sur- 
face cracks  developed  "A  from  opposite  ends. 
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No.  313. 

Cafnpre89ion  test 

Marks  on  bar,  ^'coJJT** 

Length,  10". 

Diameter,  V. 

Sectional  area,  .7^54  square  inch. 
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Applied  loftds. 
§qiu 

DOB. 


Total. 


Periqnare, 
Inoo 


Compres* 

slon  per 

inch. 


SnocMciTe 

oomprM- 

slon  per 

inch. 


Pennanent 


SaooeMlTe 

peimanent 

eet. 


Remarks. 


Poundt. 
786 
a,9S7 
7,854 
U,781 
15,708 
19,886 
23.588 
27,480 
81.416 
85,843 
89,270 
40,066 
40,841 
41,628 
4S.412 
43.197 
48.982 
44,788 
4^668 
48,889 
47,124 
47,909 
48»895 
48.480 
60.286 
51.061 
51.886 
02,622 
58,407 
54.198 
54.978 
58,500 


Poundt. 
1.000 
5^000 
10.000 
15.000 
20.000 
25,000 
8G,000 
86,000 
40.000 
45.000 
50.000 
51.000 
52.000 
58.000 
54.000 
65.000 
66,000 
67,000 
58.000 
59,000 
80,000 
61,000 
82.000 
88,000 
64.000 
86.000 
88.000 
87,000 
68.000 
89.000 
70.000 
71.940 


Inch, 


.000140 
.000300 


Inch. 


Ineh, 


r«lM. 


.000610 
.000780 
.000950 
.001100 
.001270 
.001420 
.001610 
.001640 
.001680 
.001710 
.001760 
.001780 
.001830 
.001850 
.031880 
.001920 
.801960 
.001900 
.002010 


.000140 

.000180  , 

.000180  I 

.000180 

.000170 

.000170 

.000150 

.000170 

.000150 

.<H)0100 

.000030 

.000040 


Initial  load. 


.000010 


.000050 


.000070 


.000010 
.000010 
.000010 
.000020 
.000010 
.0000^0 
.000010 


.000050 


.000040 
.000040 


.002180 
.002140 
.002200 
.002270 
.002870 
.002660 


.000040 


.000070 
.000100 
.000180 


.000010 


.000100 


.000010 


.000740 


Blastic  limit. 
Peroaptible     defleo- 


Hlorometer  lemored. 
Ultimate  strength. 


Failed  by  triple  flexure. 

Middle  deflection  under  the  maximum  load,  ^MO. 


Direction  of  middle  deflection, 


Otneral  Bummary. 

Elastic  limit  per  square  ineh  of  original  section pounds...     86^00 

Compression  per  inch  under  strain  at  elasticlimit inch...    .00214 
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No.  314. 

Compression  lest. 

Marks  on  bar,  M  A5— 10. 

Length,  10". 

Diameter,  1".05. 

Sectional  area,  .866  sqaare  inch. 


I       AppUedloAdB. 


1 


Total. 


Per  square 


tqoa 

DOD. 


Poundt. 
866 
4.330 
8,060 
12,990 
17,320 
21,650 
25,980 
30, 310 
34.640 
38,970 
48,300 
44,166 
45,  032 
45.898 
46,764 
47,630 
48,496 
49,362 
50,228 
51,094 
51.960 
52,826 
53,692 
54.558 
55.424 
56,290 
57,156 
58,022 
58,888 
60,200 


indl 


Poundi. 
i.OOO 
5.000 
10,000 
15.000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
51.000 
52,000 
58,000 
54.000 
55.000 
56,000 
57,000 
58,000 
59.000 
60,000 
61.000 
62.000 
63.000 
64,000 
65,000 
66.000 
67.000 
68.000 
60.520 


Coropret- 

sion  per 

inch. 


Ineh. 

0. 
.000120 
.000290 
.000440 
.000600 
.000770 
.000960 
.001110 
.001280 
.001450 
.001630 
.  001650 
.001680 
.001730 
.001760 
.001800 
.001830 
.001860 
.001900 
.001940 
.001980 
.002020 
.002080 
.002110 
.002170 
.002800 
.002490 
.002800 
.003380 


I 

oompres-  Perm«»«nt,       ^ 
sionper  !    set.   |  pwuj.ucu* 
inch.  I   ••*• 


I 


Bemarke. 


Jfuh. 


I 


Inch, 


Ineh. 


.000120 
.000170 
.000150 
.000160 
.000170 
.000190  I 
.000150 
.000170  I 
.000170  I 
.000180 
.000020  I 
.000030  I 
.000060  , 
.000030  ' 
.000040  I 
.000030  , 
.000030  ' 
.000040  1 
.000040 


.000010 

.000010 

.000020 

.000010 

.000040 

.000020 

.000050 

.000010 

.000060 

.000010 

.000060 

0. 

.000060 

0. 

.000070 

.000010 

Initial  load. 


.000040 
.000060 
.000030 
.000060 
.000130 
.000190 
.000810 
.000580 


.000090 


.000240 


.000010 


.000010 


.000150 


Blaatio  limit. 


Peroeptible  defleo- 
tion. 

Ultimate  strength. 


Failed  by  triple  flexure. 

Middle  deflection  under  the  maximum  load,  'MO. 


Direction  of  middle  deflection. 


o 


General  summary. 


Elaatio  limit  per  aqnareinoh  of  original  section pounds..       68,000 

Compression  per  inch  under  strain  at elasUo  limit inch..      .002110 

Compression  per  inch  under  66,000  pounds  per  square  Inob do... 
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No.  315. 

Compression  Ust. 

Marks  on  bar,  M  A5 — 11. 

Length,  10". 

Diameter,  1".019. 

Sectional  area,  .817  square  inch. 


Applied  loads. 

Comply- 

sionper 
Per  sqiiare        inrn. 
inch. 


Total. 


Poundi. 
817 
4,085 
8,170 
12,255 
16, 340 
20,425 
24, 510 
28.585 
32.680 
36,765 
40,850 
41,667 
42,484 
43,301 
44. 118 
44,935 
45,752 
46,569 
47,386 
48,208 
49.550 


Foundt, 
1,000 
5.000 
10,000 
15,000 
20,000 
25.000 
30,000 
35,000 
40,000 
45,000 
50,000 
51,000 
52,000 
53.000 
54,000 
55.000 
56,000 
57,000 
58,000 
50,000 
60,650 


Jneh. 
0. 

.000110 
.000250 
.000410 
.000500 
.000750 
.000910 
.001100 
.001260 
.001440 
.001620 
.001670 
.  001700 
.  001740 
.001790 
.  001820 
.001870 
.001930 
.002040 
.008800 


Succeeeive 

compres-    PermaneDt 
sion  per    I       set. 
inch.      I 


Inch, 


.000110 
.000140 
.000160 
.000180 
.000161 
.000160 
.000190 
.000160 
.000180 
.000180 
.000050 
.000030 
.000040 
.000050 
.000030 
.000050 
.000060 
.000110 
.001260 


Jneh. 


.000010 
.000020 
.000030 
.000040 
.000040 
.000040 
.000050 
.000060 
.000070 


.000100 


Saocesaive 

permanent 

set. 


Inch. 


.000010 
.000010 
.000010 
.000010 

0. 

0. 

.000010 
.000010 
.000010 


Bemarks. 


Initial  load. 


, 


Blastlc  Umit. 

Perceptible   deflec- 
tion. 
Ultimate  atrength. 


Failed  by  triple  flexure. 

Middle  deflection  under  the  maximum  load,  'MO. 


Direction  of  middle  defection, 


General  Mummary, 

}  limit  per  square  inch  of  original  section , pounds..      56,000 

Compression  per  inch  under  strain  at  elastic  limit inch..    .001870 

Compression  per  inch  nnder  57,000  pounds  per  square  inch do 001990 
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No.  316. 

OompreMum  test. 

Marks  on  bar,  M  As — 12. 
Length,  10''. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 


Applied 
loftds  per 

■qnftre 

inch. 


P9U$kd$. 
1«000 
8.000 
10.000 
18.000 
M.0OO 
SS.000 
30.000 
18^000 
40.000 
45^000 
5A.0OO 
51,000 
81.000 
58.000 
54.000 
56^000 
50L000 
57,000 
58.000 

oolooo 
•o^ooo 

0.000 
0,000 


Comprenton 
per  inoh. 


0. 
.000110 


Saooeeeiye 

oompreeaion 

per  inoh. 


PenuAnent 
set. 


SaoeeMive 
'  pemiAaeiit  > 
■et.         I 


Bemarks. 


.001030 
.001180 
.001350 
.001510 
.001548 
.001570 
.001000 
.001848 
.001878 
.001888 
.801740 
.001778 
.801008 
.801898 


'"*  j 

Inek. 

, •  Tnltial  kwd. 

.000110 

0. 

.OOOISO 

.000010 

.000010 

.000140  ' 

.000030 

.000010 

.000150  j 

.000080 

.000010 

.000140  ' 

.000880 

0. 

.000170  ' 

.000040 

.oooao 

.000180  1 

.000040 

0. 

.000180  > 

.000040 

0. 

.000170 

.080058 

.000010 

.000180 

.000850 

0. 

Failed  by  triple  flexure. 

Middle  deflection  nnder  the  maximnni  load,  'M6. 


Direetion  of  middle  deflection. 


•o 


Gmmmi 


iriiBHr  limit  yer  fare  JaAeferigiMlt 


c«.o 

M18 


J^Z^eSL^ 


SV.^y^ 


SEx35491 
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No.  266. 

Tension  test. 
Marks  on  bar,  M  Ax— 1. 
Length,  6". 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


TotaL 


Pound*. 
250 
1,250 
2.500 
3«750 
5,000 
6,250 
7,500 
8,750 
10,000 
]  0,250 
10,500 
10,750 
11,060 
11,250 
11,500 
11,750 
12,000 
12.250 
12,500 
12,750 
13,000 
13.250 
13,500 
13,750 
14,000 
14,250 
14,500 
14,750 
15.000 
15.250 
15,500 
15,750 
16,000 
16,250 
16,600 
36,750 
17.000 
17,250 
17,600 
18,000 
18.500 
19,000 
10,500 
20,000 
20,500 
21,000 
21.500 
22.000 
22.500 
23,000 
23,500 
24.000 
24,500 
25,000 
25,500 
26,000 
26,500 

27, 5w 


Persqaare 
inch. 


Pirnndi. 
1.000 
5,000 
10,000 
15,000 
20.000 
25,000 
80,000 
35,000 
40,000 
41,000 
42,000 
43.000 
44,000 
46,000 
46,000 
47,000 
48,000 
49.000 
50,000 
51,000 
52,000 
58.000 
54,000 
55,000 
56,010 
67,000 
58,000 
60,000 
60,000 
61,000 
62,000 
63,000 
64.000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
78.000 
80.000 
82,000 
84.000 
86.000 
88, 000 
90,000 
92,000 
94.000 
96,000 
98.000 
100, 000 
102,000 
104,000 
106,000 

IKT.OOH 


Eloiif^tion 
per  inch. 


I  Snooesaive 
elonffatioD 
perlnoh. 


Ineh. 
0. 

. 000117 
.000267 


.000567 

.000717 

.000867 

.  001000 

.061150 

.001167 

.  001217 

.001267 

.  001317 

.001367 

.001383 

.001400 

.001417 

.  001467 

.001500 

.  001500 

.001567 

.001633 

.001667 

.001683 

.001788 

.001767 

.001800 

.001833 

.001867 

.001933 

.002000 

.002038 

.002150 

.002238 

.002450 

.003817 

.002900 

.008250 

.004017 

.0060 

.0067 

.0088 

.0160 

.0117 

.0133 

.0150 

.0167 

.0183 

.0200 

.0217 

.0250 

.0283 

.0317 

.0383 

.0383 

.0417 

.0450 

.0517 

.0983 


Inch. 


.  000117 
.000150 
. 000116 
.000184 
.000150 
.000150 
.000133 
.000150 
.000017 
.000050 
.000050 
.000050 
.000050 
.000016 
.000017 
.000017 
.000050 
.000033 

0. 

.000067 
.000066 
.000034 
.000016 
.060050 
.000034 
.000033 
.000033 
.000034 
.000066 
.000067 
.0(H)033 
.000117 

-.000083 
.000217 
.000367 
.000083 
.000350 
.000767 
.000988 
.0017 
.0016 
.0017 
.0017 
.0016 
.0017 
.0017 
.0016 
.0017 
.0017 
.0033 
.0033 
.0034 
.0016 
.0050 
.0034 
.0033 
.0067 
.0066 


Permanent 
aet. 


Inch. 


.000017 


.060183 


.001650 


Qaocaaaive 

permanent 

set. 


Ineh. 


.000017 


.000166 


.001467 


Remarks. 


Initial  load. 


Blastic  limit. 


Micrometer   r  e  • 
moved. 


S.  Ex.  36 21 
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per  tnoh. 

SaooMBive 
perlnch. 

PeriuMiakt 
set. 

SacoessiTe 

pensftneiit 

Bet. 

Total 

Fersonare 
inoh. 

BemarkB.       , 

Poundt. 
28*000 

28,600 
28,800 
26,400 

PowidM, 
112,000 
114,000 
116,200 

Inch, 
.0650 
.0867 
.1117 

IfudL 
.0067 
.0217 
.0260 

Inch. 

Inch. 

intimate  strength. 
T^iHtd   ftt  tfmi>  a' 

1 

fraotare. 

General  summary.  i 

Tensile  strength  per  square  inoh  of  original  seotion poonda..     1U,M 

Elastiolimitper  square  Indi  of  origins!  section do...      62,M 

Elongation  per  incn  after  rapture inoh..  .13 

Elongation  per  inob  under  svain  at  elastic  limit do...     .00983 

Seduction  in  diameter  at  point  of  rupture do...         .Ml 

Beduotion  in  area  after  rupture,  per  centum  of  original  section do...         TA 

Position  of  rupture    2".  4  ttam  necL 

Charsoter  of  broken  surfhoe granular,  small  dull  spot  near  center  of  trmotnnA  snxfin. 

Elongation  of  inch  sections ".00,  MO  (".21  fractured  section),  ".10.  ".11.  "Jl 

No.  266. 
Tension  test 


Marks  on  bar,  M.  A, — 2. 

Length,  6''. 

Diameter,  ^'.564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 

permch. 

Suocesslye 

Permanent 
set. 

SuooeesiTe 

Kemarka. 

Total. 

Personare 

Poundt. 
260 
1,250 
2,000 
8,750 
5*000 
6,250 
7.600 
8,760 
10,000 
10,250 
10,500 
10,750 
11,000 
11,250 
11,500 
11,750 
12,000 
12,250 
12,600 
12,750 
18,000 
18,250 
18.600 
18,760 
14,000 
14,250 
14,600 
14.760 
16,000 
16,260 
16.600 
16,750 
16.000 
16,250 
16.600 

Potmdt. 
1,000 
6.000 
10,000 
16,000 
20,000 
26*000 
80,000 
86,000 
40,000 
41,000 
42,000 
48.000 

Inch. 
0. 

.000188 
.000267 
.000450 
.000600 
.000788 
.000888 
.001060 
.001217 
.001267 
.001288 
.001817 

Inch. 

"".iiom" 

.OOOIM 
.    .000188 
.000160 
.000188 
.000160 
.000167 
.000167 
.000060 
.000016 
000084 
!  000016 
.000017 
.000088 
.000060 
.000050 
.000084 
.000016 
.000034 
.000060 
.000060 

!000083 
.000084 
.000088 
.000050 
.000083 
.000117 
.000088 
.000067 
.000050 
.000167 
.000188 
.000800 

Inch, 

0. 

0. 

0. 

0. 

.000017 
.000017 
.000017 
.000017 
.000017 

Inch, 

Initial  load. 
Elastic  limit. 

'"."oooon" 

0. 
0. 
0. 
0. 

44,060    1      .001338 
45.000          .001860 
46, 000    1      -  Ml&aa 

.000017 

0. 

47,000 
48.000 
48.000 
60.000 
61,000 
62.000 
63.000 
64.000 
66.000 
66,000 
57,000 
68,000 
50,000 
60.000 
61,000 
62,000 
08,000 
64,000 
66.000 
66,000 

.001483 
.001488 
.001517 
.001688 
.001667 
. 001617 
.001667 
.001700 
.001788 
.001767 
.001800 
.001860 
.001883 
.002000 
.002088 
.002150 
.002200 
.002367 
.002650 
.002850 

.000017 

a 

.000017 

0. 

.000100 

.000088 

.000450 

.000850 
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Skmg»tl<ni 
p«r%ioh. 

SnooeMive 
elongation 
perlnch. 

Permanent 
set. 

SoooeaaiTe 
set. 

Bemarka. 

Total. 

PersaoAre 

Poundt. 
16,760 
17,000 
17,250 
17,500 
18.000 
18,600 
19,000 
19,500 
20,000 
20,500 
21,000 
21,500 

».ooo 

22,600 
S^OOO 
28,600 
24,000 
24.500 
25,000 
26,500 
26,000 
26,500 
27.000 
27.600 
28,000 

28,150 

26,600 

Poundi. 
67.000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80.000 
82,000 
84.000 
86.000 
88,000 
90,000 
92,000 
94,000 
96.000 
98,000 
100.000 
102,000 
104,000 
106,000 
108,000 
110,000 
112,000 

112,600 

Inch. 
.008167 
.008688 
.004460 
.006888 
.0067 
.0088 
.0100 
.0126 
.0142 
.0158 
.0167 
.0192 
.0208 
.0288 
.0258 
.0288 
.0617 
.0888 
.0875 
.0408 
.0460 
.0500 
.0688 
.0692 
.0850 
5  .0900 
i  .1088 

Inch, 

.000617 

.000516 

.000767 

.000888 

!  001867 

.0016 

.0017 

.0026 

.0017 

Inth. 

InelL 

Ifiorometer  removed. 

intimate  atrength. 

Load    at   time   of 
fraotare. 

.002860 

.002400 

.0016 

.0009 
.0026 
.0016 
.0026 
.0026 
.0025 
.0084 
.0016 
.0042 
.0088 
.0042 
.0050 
.0088 
.0109 
.0158 

1  .0288 

General  eummary. 


Speciflo  gravity 7.8662 

Hardneaa 27.82 


Tenaiie  strength  per  aqnareinoh  of  original  section ponada.. 

Elaatio  limit  per  sanare  inch  of  origlnaTseetion .' do... 

Xlongation  per  inon  after  mptnre inch.. 

Blongationper  inch  under  strain  at  elaatio  limit do. 


112,600 

69,000 

0.128 

„  .  .001888 

Bednctlon  in  diameter  at  point  of  rapture do...  .084 

Bednctlon  in  area  alter  rapture,  per  centom  of  original  section S7.6 

Position  of  rapture 2".  5  fkom  neck. 

Character  of  broken  snrliMe granular. 

Elongation  of  inch  seoaons ".10  ".12  (".28  fractured  aeotion)  ".if'MO  ".06 


No.  271. 
Tension  test. 


Marks  on  bar,  MAx— 3. 

Length,  3'\ 

Diameter,  '^560. 

Sectional  area,  .246  square  inch. 


Applied  loads. 

Elongation 
perlnch. 

Saocessive 
elongation 
perlnch. 

Permanent 
set. 

Suoceseive 

permanent 

act. 

Bemarka. 

TotaL 

Per  sanare 

Poundt. 
246 
1,280 
2,460 
8,690 
4,920 
6,150 
7.880 
8,610 
9,840 
10,086 
10,882 

Poundt. 
1,000 
5,000 
10,000 
16,000 
20,000 
26000 
80,000 
36,000 
40.000 
41,000 
42,000 

Jneh. 

0. 

.000167 
.000883 
.000467 
.000600 
!  000767 
.000888 
.001068 
.001167 
.001167 
.001200 

Jneh. 

Inch, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Inch. 

Initial  load. 

.000167 
.000166 
.000184 
.000188 
.000167 
.000066 
.000900 
.000184 
0. 
.000088 
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Elongation 
perinob. 

Successive 
elongation 
perlnch. 

Pennanent 
set. 

Suooessiye 

pennanent 

set. 

Remarks. 

ToUl. 

Per  Mmare 
inch. 

Pounds. 
10,578 
10,824 
11,070 
11, 816 
11,562 
11,808 
12.054 
12,300 
12.546 
12,792 
13,038 
18. 284 
13,530 
18.776 
14.022 
14.268 
14.514 
14,760 
15.006 
15.252 
15.498 
15,744 
15,990 
16.236 
16,482 
16,728 
16.974 
17,220 
17.712 
18.204 
18.606 
19.188 
19.680 
20,172 
20.664 
21.166 
21,648 
22,140 
22.682 
28,124 
23.616 
24,108 
24.600 
26,092 
25.584 
26,076 
26.568 
27,060 
27,552 
25,100 

Pounds. 
48,000 
44,000 
46,000 
46,000 
47,000 
48,000 
49.000 
50,000 
51.000 
52.000 
58.000 
54.000 
55.000 
56.000 
57.000 
58,000 
59.000 
60.000 
61.000 
62.000 
68,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69.000 
70,000 
72,000 
74,000 
'     76,000 
78.000 
80.000 
82,000 
84.000 
86,000 
88.001) 
90.000 
92.000 
94.000 
96.000 
98.000 
100.000 
102,000 
104,000 
106.000 
108.000 
110.000 
112,000 

Inch. 
.001288 
.001300 
.001333 
.001483 
.001433 
.001467 
.001467 
.001500 
.001500 
.001538 
.001600 
.001683 
.001667 
.  001767 
.001800 
.001800 
.001883 
.001933 
.002067 
.002133 
.002200 
.002500 
.002867 
.003467 
.003883 
.004533 
.005838 
.006267 
.0067 
.0088 
.0133 
.0150 
.0150 
.0167 
.0188 
.0200 
.0200 
.0238 
.0250 
.0288 
.0300 
.0650 
.0367 
.0417 
.0467 
.0533 
.0638 
.0783 
.1888 

Inch. 

.000088 
.000067 
.000033 
.000100 

0. 
.000034 

0. 
.000083 

0. 

.000083 
.000067 
.000083 
.000034 

InOL 

Ineh, 

0. 

1 

0. 

Elastic  limit 

0. 

.000100 
.000033 

a 

.000033 





.000100 

.000134 

.000066 

.000067 

.000300 

.<K)0367 

.000600 

.000366 

.000700 

.000800 

.000934 

.000433 

.0016 

.0050 

.0017 

0. 

.0017 
.0016 
.0017 

0. 

.0088 
.0017 
.0088 
.0017 
.0050 
.0017 
.0060 
.0050 
.0066 
.0100 
.0150 
.0600 



.000100 

.000100 

.000833 

.000733 

Micrometer  removed. 

Ultimate  strength. 
Load    at    time    of 
fracture. 

.003800 

.002967 

• 

General  summarjf. 

Tensile  strength  per  square  inch  of  original  section founds. .      112, 000 

Elastic  limit  per  souare  inch  of  originaTsectlon * do...        68,000 

Elongation  per  incn  after  mptnre bich . .  0. 183 

Elongation  per  inch  under  strain  at  elastic  limit do...      .002200 

Bednctlon  in  dJ  ameter  at  point  of  mpture do . . .  0. 10 

Reduction  in  area  after  ruptore,  per  oentum  of  original  section 32.6 

Position  of  ruptare |"  from  middle  of  stem. 

Character  of  broken  sarfkce granular;  small  dull  spot  at  center. 

Elongation  of  inch  sections ".13  (''.30  Aractnred  section)  ".12 
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No.  272. 

Tension  test 
Marks  on  bar,  M  A^ — 4. 
Length,  3". 
Diameter,  ".560. 
Sectional  area,  .246  square  inch. 


Applied  loAds. 


■  Blonptlon  Sq^g- 


Pounds. 
246 
1,230 
2,460 
8,600 
4,020 
6,150 
7,880 
8,610 
0,840 
10, 0^6 
10,332 
10, 678 
10,824 
11, 070 
U,816 
11.662 
11.808 
12,054 
12,800 
12,546 
12,782 
13,038 
18,284 
18,680 
18,776 
14,022 
14.268 
14,514 
14,760 
16,006 
15,252 
15,496 
16,744 
15,000 
16,286 
16,482 
16,728 
16,074 
17,220 
17,712 
18,204 
18,606 
19,188 
10,680 
20,172 
20,664 
21.156 
21.648 
22,140 
22,632 
28,124 
28,616 
24,108 
24,600 
25,002 
25,584 
26,076 


Pounds* 
1,000 
5,000 
10,000 
15,000 
20,000 
26,000 
80,000 
86,000 
40,000 
41,000 
42.000 
43,000 
44,000 
45.000 
46.000 
47,000 
48,000 
40,000 
50,000 
51,000 
52,000 
58,000 
64,000 
55,000 
56,000 
57,000 
58,000 
59.000 
60,000 
61,000 
62,000 
68,000 
64,000 
65,000 
66,000 
67,000 
68.000 
60,000 
70,000 
72.000 
74.000 
76,000 
78,000 
80.000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96.000 
96,000 
100.000 
102,000 
104,000 
106,000 


Jneh, 
0. 

.000033 
.000067 
.000183 
.000400 
.000667 
.000733 
.001000 
.001067 
.001067 
.001067 
.001100 
.001133 
.001267 
.001383 
.001367 
.001400 
.001400 
.001433 
.001433 
.001467 
.001500 
.001633 
.001600 
.001667 
.001788 
.001800 
.001838 
.001867 
.002000 
.002100 


Jneh. 


.000033 


.000066 
.000267 
.000267 
.000066 
.000267 
.000067 

0. 

0. 

.000083 
.000038 
.000184 
.000066 
.000034 
.000084 

0. 
.000083 

0. 
.000034 
.000083 


.000067 
.000067 


.000083 


.002400 
.  001707 


.004700 
.006367 


.0088 
.0100 
.0183 
.0167 
.0188 
.0183 
.0200 
.0217 
.0233 
.0267 
.0300 
.0817 
.0888 
.0867 
.0400 
.0450 
.0500 
.0538 


.000133 
.000100 
.000188 
.000167 
.000367 
.000688 
.000400 


.001067 
.0017 
.0083 
.0084 
.0016 
0. 

.0017 
.0017 
.0016 


.0017 
.0016 
.0084 
.0083 
.0060 
.0050 
.0033 


Permanent  Saooeaeive 
set 


Jneh, 
0. 
0. 
0. 
0. 
0. 

A. 

0. 
0. 
0. 


.000000 


.000067 


.000733 


.008783 


IndL 


.000000 


.000067 


.000666 


Bemarks. 


InitUiload. 


BlMtlo  limit. 


Micrometer  remoTed. 
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Applied  loadB. 

per  inch. 

Saooesaiye 
elongatioii 
perlnoh. 

Pennanent 
aet 

SncoeasiTe 

Total 

Per  sqnaie 
ino^. 

permanent           Bemarka. 
set 

1 

Pounda. 
26,568 

Poundt, 

Inch. 
.0667 
.0767 
.1167 

IwOi. 
.G184 
.0100 
.0400 

Jnch. 

Ineh. 

1 

27,060    1      110,000 
27,520    '      111.870 

1 

Ultimate  atrangth.    \ 
Load  at  Ume  ottnc-* 

26,700 

^ 

tnre. 

General  summary. 

Speoiflc  graTity 7.8551 

Hardneaa....     2&.43 

Tendle  strength  per  aqoare  Inch  of  original  aection poonds..  111.870 

Blastio  limit  per  square  inch  of  original  section do...  60,000 

Elongation  per  incn  after  mptnre inch..  0.157 

Elongation  per  inch  under  strain  at  elastic  limit do...  .001867 

Beduotion  in  diameter  at  point  of  rupture do...  .080 

Seduction  in  area  after  rupture,  per  centum  of  original  section M.4 

Position  of  rupture i"ftom  middle  of  atom. 

Character  of  broken  surfiMse granular. 

Elongation  of  inch  aectiona M6  (".20  fractured  aection),  ".U 

No.  310. 


Tension  test, 
Marks  on  bar,  "j^* 
Length,  &\ 
Diameter,  '^564. 
Sectional  area,  .25  square  inch. 


Applied  loada. 

per  inch. 

Successive 
elongation 
perlnch. 

Permanent 
set. 

SnccessiTe 
set. 

Bemarka. 

Total. 

Peraqoare 
inch. 

Pwmdt. 

260 

1,260 

2,600 

8,760 

5,000 

6,250 

7,600 

8,760 

10,000 

10,250 

10,600 

10,750 

11,000 

11.250 

11,600 

11,750 

12,000 

12,250 

12,600 

12.750 

18,000 

13,250 

18,600 

13,750 

14,000 

14,250 

14.600 

14,750 

16,000 

16,250 

16,500 

16^750 

16.000 

Poundi. 
1,000 
6,000 
10,000 
15,000 
20,000 
26,000 
30,000 
36,000 
40,000 
41.000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
40,000 
60,000 
51,000 
52.000 
53.000 
54,000 
56,000 
56,000 
57,000 
68,000 
50,000 
60.000 
61.000 
62,000 
63,000 
64,000 

Ineh. 
0. 

.000117 
.000233 
.000383 
.000550 
.000700 
.000867 
.001083 
.001200 
.  001217 
.001260 
.001288 
.  001817 
.001850 
.001888 
.001400 
.001438 
.001467 
.001583 
.001567 
.001600 
.001688 
.001667 
.001700 
.001738 
.001767 
.001800 
.001833 
.001867 
.001088 
.001888 
.002060 
.  002117 

Inch. 
0. 

.000117 
.000116 
.000150 
.000187 
.000160 
.000167 
.000166 
.000167 
.000017 
.000033 
.000033 
.000034 
.000088 
.000033 
.000017 
.000038 
.000084 
.000066 
.000034 
.000033 
.000038 
.000034 
.000083 
.000038 
.000034 
.000083 
.000033 
.000084 
.000066 
.000060 
.000067 
.000067 

Ineh. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Ineh. 
0. 

Initial  load. 

'.'.'.'.'.',:.['.'.'. 

0. 

0. 

0. 



0. 

TESTS   OF  IBON  AND   STEEL  AKD   OTHER  MATERIALS.      327 


Applied  loads. 

"^■sr 

Snoceesive 
elongation 
per  inch. 

Permanent 
set. 

SnooeeslTe 

TotU. 

Per  Muare 

lllO^. 

permanent 
set. 

Bemarks. 

Poundi, 
18,950 
16,500 
18,760 
17,000 
17,250 
17,600 
18,000 
18,500 
19,000 
19,500 
20,000 
20,500 
21  000 

Povnda, 
66,000 
66,000 
67,000 
68,000 
69^000 
70.000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 

AA  000 

Inch. 

.002188 

.002850 

.002467 

.002788 

.008133 

.004017 

.005800 

.007033 

.008967 

.010667 

.012167 

.013367 

.015788 

.017450 

.019600 

.021500 

.028167 

.026138 

.0283 

.0808 

.0838 

.0388 

.0438 

.0488 

.0638 

.0650 

.0900 

.1067 

Ineh. 

.000066 

.000167 

.000117 

.000266 

.000400 

.000684 

.001288 

.001738 

.001934 

.001700 

.001500 

.001200 

.008416 

.001667 

.009350 

.001700 

.001667 

.002966 

.002167 

.0025 

.0025 

.0050 

.0060 

.0060 

.0060 

.0017 

.0250 

.0167 

IfUh. 

.000117 

JfMft. 

.000U7 

Elastic  limit. 

mtimate  strength. 
Load  at  time  of  rap- 
ture. 

.001683 

.001466 



21,500          m^Aoo 

22,000 
22,600 
23,000 
83,500 
24,000 
24,500 
25,000 
25.500 
26,000 
28,500 
27,000 
27,500 
28*000 
28,020 
26,100 

88,000 
90,000 
92,000 
94,000 
98,000 
96,000 
100,000 
102,000 
104.000 
106.000 
108,000 
110,000 
112,000 
112,080 

(rineraX  summary. 

Tensile  strength  per  square  inch  of  orisinal  section pounds..         112,080 

Elastic  limit  per  square  Inob  of  originalsection do...  65,000 

Elongation  per  inch  after  rapture inch..       0.1267 

Elongation  per  inch  under  strain  at  elastic  limit do...         .002188 

Seduction  in  diameter  at  point  of  rupture do...         .074 

Bednction  in  area  after  rupture,  per  centum  of  original  section 214 

Position  of  rupture I'' from  middle  of  stem. 

Character  of  broken  surfkoe granular,  radiating  from  a  small  dull  spot  at  the  circumference 

Elongation  of  inch  sections _.".(»,  ".09,  Ml  (".22  fractured  section),  ".14,  ".09  ^ 

Ko.  311. 

Tension  test 
Marks  on  bar,  "e^*"- 
LeDgth,  6'^ 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 

Elongation 
per  inch. 

SucoessiTe 
elongation 
per  inch. 

Permanent 
set. 

Successive 
set. 

Bemarks. 

TotaL 

Per  square 
inc^. 

Pound9, 

260 

1,250 

2,500 

8,750 

6,000 

6.250 

7.500 

8,750 

10,000 

10,250 

Povnda. 
1,000 
5.000 
10.000 
15,000 
80,000 
26.000 
80,000 
85,000 
40,000 
41,000 

Inok, 
0. 
.000088 

.000217 
.000867 
.000688 
.000700 
.000650 
.001083 
.001188 
.001200 

Inch, 
0. 

.000083 
.000184 
.000160 
.000166 
.000167 
.000150 
.000188 
.000150 
.000017 

0. 
0. 
0. 
0. 
0. 
0. 

a. 

6. 

0. 

Ineh, 

a 

Initial  load. 
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Elongation 
per  Inch. 

Sucoessive 
elongation 
perlnob. 

Permanent 
eet. 

pennanent 

Mt. 

Bemarka. 

Total 

PeraqoAre 
inoh. 

Pounds 

10,600 

10,760 

11,000 

11,260 

11,600 

11,760 

12,000 

12,260 

12,600 

12,750 

13,000 

13,260 

18,500 

18.760 

14,000 

14,250 

14,500 

14,750 

15.000 

16,260 

16,600 

16,760 

16.000 

18.260 

16,600 

18.750 

17,000 

17,260 

17,600 

18,000 

18,600 

19.000 

19,600 

20,000 

20,600 

21,000 

21,600 

22,000 

22,500 

23,000 

28.500 

24,000 

24,600 

26.000 

26,600 
26,000 
26,600 
27,000 
27,600 
27.700 
26.600 

Pounds. 
42.000 
43,000 
44.000 
46.000 
46,000 
47.000 
48,000 
49.000 
60,000 
51.000 
62.000 
58.000 
64,000 
56.000 
56,000 
67,000 
58.000 
60.000 
60,000 
61,000 
62,000 
63,000 
64,000 
66,000 
66.000 
67,000 
68,000 
69,000 
70,000 
72,000 
74.000 
76,000 
78,000 
80,000 
82,000 
84.000 
86,000 
88.000 
90.000 
92.000 
94.000 
96.000 
96.000 

100.000 

102.000 
104,000 
106,000 
108,000 
110.000 
110.800 

IndL 

.001238 

.001283 

.001317 

.001360 

.001388 

.001400 

.001438 

.001467 

.001600 

.001567 

.001583 

.001617 

.001667 

.001700 

.001733 

.001767 

.001800 

.001833 

.001933 

.001983 

.002067 

.002160 

.002817 

.002488 

.002817 

.008160 

.003667 

.004400 

.006360 

.006617 

.008300 

.009738 

.  011700 

.013738 

.015383 

.016533 

.018700 

.020788 

.022867 

.026867 

.027700 

.030600 

.038683 

.087788 

.0417 
.0467 
.0617 
.0638 
.0783 
.1060 

indu 

.000088 

.000050 

.000084 

.000038 

.000033 

.000017 

.000038 

.000034 

.000038 

.000067 

.000016 

.000034 

.000050 

.000033 

.000033 

.000034 

.000033 

.000083 

.000100 

.000050 

.000084 

.000088 

.000167 

.000166 

.000334 

.000833 

.000617 

.000733 

.000050 

.001267 

.001683 

.001433 

.001967 

.002133 

.001650 

.001150 

.002167 

.002083 

.002084 

.002500 

.002383 

.009800 

.003088 

.004200 

.003967 

.0050 

.0060 

.0116 

.0150 

.0267 

inOi. 

indL 

Blaetio  limit 

Micrometer    re- 
moved. 

Load  at  time  ofrap* 
ture. 

0. 

.000017 

.000017' 

.000083 

.000016 

.000067 

.000084 

.000400 

.000833 

.002888 

.002488 

General  summary. 


Tensile  Btrength  per  eqoare  inch  of  oridnal  Motion  . pounds.. 

Blaatic  limit  per  square  inoli  of  original  section  do 

Elongation  per  incA  after  rupture inch.. 

Elongation  per  inch  under  strain  at elastio  limit do... 

Beduction  in  diameter  at  point  of  rupture    do.. 

Beduotlon  in  area  after  mpture,  per  centum  of  original  section 27.6 

Position  of  rupture ^.-I'MOfrom  middle  of  stem. 

Character  of  broken  surface granular,  radiating  ttom  a  dull  spot  at  circumference. 

Elongation  of  inch  sections ".09,  ".12.  'MO  (".21  fractured  section),  ".16,  ".  08. 


110.800 
63,000 
0.1267 

.002150 
084 
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No.  374. 

Campresgum  test. 
Marks  on  bar,  ">**• 
Length,  11".97. 
Diameter,  l'M29. 
Sectional  area,  1  square  inch. 


Applied  loads. 


Total. 


Poundt. 
fiOO 

6,000 
10.000 
16,000 
20,000 
26,000 
80,000 
85.000 
40.000 
41,000 
42,000 
48,000 
44,000 
46,000 
40,000 
47,000 
48,000 
40,000 
50,000 
41.000 
62,000 
68,000 
54,000 
66,000 

6e,ooo 

57,000 
68,000 
60,000 
00.000 

61,000 
02,000 
68,000 
64,000 
66,000 
66,000 
67,000 
68,000 


60,400 

70,800 
70,600 


Per  souare 
incD. 


Pounds, 
500 
6,000 
10,000 
15.000 
20,000 
25,000 
80,000 
36.000 
40.000 
41,000 
42,000 
43.000 
44,000 
46.000 
46,000 
47,000 
48,000 
40,000 
60.000 
61,000 
52,000 
68,000 
64,000 
65,000 
66,000 
57,000 
58.000 
50,000 
60,000 

61,000 
62,000 
08,000 
64,000 
66.000 
66,000 
67,000 
68,000 


60,400 

70,800 
70,600 


Compres- 
sion per 
inob. 


I  Sacoessive 
compres- 
sion per 
inob. 


Inch. 


.000150 
.000200 


.000610 
.000770 
.000080 
.001100 
.001200 
.001800 
.001880 
.001370 
.001400 
.001440 
.001470 
.001500 
.001580 
.001570 
.001600 
.001680 
.001670 
.001700 
.001780 
.001770 
.001820 
.001860 
.001870 
.001080 
.001000 

.002070 
.002180 
.002800 
.002460 
.002720 
.002080 
.008500 
.004480 


Peimsnent 
set. 


Inch. 
0. 

.000150 
.000140 
.000160 
.000160 
.000160 
.000160 
.000170 
.000160 
.000040 
.000080 


.000080 


.000030 
.000040 


.000030 
.000040 
.000080 
.000030 
.000040 


.000030 
.000020 
.000060 


.000110 
.000120 
.000160 


.000200 
.000520 
.000060 


Inoh, 


.000010 


.000020 


.000570 


Snooessive 

permanent 

set. 


Inch. 


.000010 


.000010 


.000010 


.000480 


Bemarks. 


Initial  load. 


Perceptible  deflec- 
tion. 


HicTometer  re- 
mored;  rapid  de* 
flection  going  on. 

Middle  de^tion.oa 

Middle  deflection.lO. 

Middle  deflection  .14. 

tJltlmate  strength. 


Failed  by  triple  flexure. 


jnx>zzcci^ 


<-  -^^yo 


S  €x^a9L49 1 
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No.  267. 

Tension  test. 
Marks  on  bar,  M.B, — 1. 
Length,  6'^ 
Diameter,  ^^564« 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Peraanare 
Inch. 


Blonsation 
permoh. 


Saoceadve 
elongation 
perlnoh. 


Permanent 
set. 


Successive 

permanent 

set. 


Bemarks. 


Poundt, 
250 
1,260 
2,500 
8,760 
6,000 
0,250 
7,500 
8,750 
10,000 
10,250 
10,500 
10,760 
11,000 
11,260 
11,500 
11,750 
12,000 
12,250 
12,500 
12,750 
18,000 
18,260 
18,500 
18,750 
14.000 
14,250 
14,600 
14,750 
15,000 
15,250 
16,500 
15,750 
10,000 
16;  250 
10,600 
10,750 
17,000 
17,250' 
17,500 
17,750 
18,000 
18,260 
18,600 
18,750 
19,000 
19,250 
10,500 
19,760 
20,000 
20,600 
21,000 
21,600 
22,000 
22,500 
28,000 
28,600 
24,000 
24,600 
26,000 
26,500 
20,000 
26,600 
27,000 
27.600 
28,000 


Poundi, 
1,000 
6^000 
10,000 
1^000 
20,000 
26,000 
30.000 
36,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
40,000 
47,000 
48,000 
49,000 
50,000 
61,000 
62,000 
68,000 
•4,000 
66,000 
56,000 
67,000 
68,000 
58,000 
60,000 
61,000 
62.000 
68.000 
64,000 
66.000 
66.000 
67,000 
68,000 
69,000 
70,000 
71.000 
72,000 
78.000 
74,000 
75,000 
76,000 
77,000 
78,000 
70.000 
80,000 
82,000 
84,000 
86.000 
88,000 
90,000 
92,000 
94,000 
96,000 
06,000 
100,000 
102,000 
104.000 
106.000 
108,000 
110,000 
112,000 


Inch, 


.000060 
.000167 


Inch. 


.000488 
.000688 
.000817 
.000960 
.001100 
.001117 
.001150 
.001167 
.001188 
.  001217 
.001267 
.001800 
.001350 
.001883 
.  001417 
.001488 
.001500 
.001538 
.001650 
.001688 
.001600 
.001633 
.001688 
.001700 
.001760 
.001800 
.001888 
.001850 
.001888 
.001968 
.001967 
.002000 


.000060 
.000117 
.000166 
.000160 
.000150 
.000184 
.000188 
.000160 
.000017 
.000063 
.000017 
.000016 
.000034 
.000050 
.000088 
.000050 
.000033 
.000084 
.000016 
.000067 


Inch, 
0. 
—.000017 
—.000017 
-.000083 
—.000033 
—.000050 
—.000050 
—.000050 
—.000050 


Inch. 


— .  000017 

0. 
—.000016 

0. 
-.000017 

0. 

0. 

0. 


Initial  load. 


—.000067 


—.000017 


—.000067 


.000017 
.000083 
.000017 
.000033 
.000050 
.000017 
.000050 
.000060 
.000088 
.000017 
.000088 
.000060 


—.000067 


-.000067 


—.000067 


.002100 

.002183 

.002260 

.002867 

.002488 

.002617 

.002867 

.003260^ 

.008600 

.004167 

.004867 

.006860 

.0088 

.0002 

.0117 

.0138 

.0160 

.0167 

.0188 

.0208 

.0283 

.0250 

.0288 

.0817 


.0488 
.0467 


.000088 

.000083 

.000067 

.000063 

.000067 

.000117 

.000116 

.000184 

.000250 

.000388 

.000650 

.000667 

.000700 

.000963 

.002460 

.0009 

.0026 

.0016 

.0017 

.0017 

.0016 

.0025 

.0025 

.0017 

.0083 

.0034 

.0083 

.0088 

.0060 

.0084 


Elastic  limit. 


—.000017 


.000060 


.000467 


.000484 


.002688 


Mierometer  removed. 


S32   TESTS  OF  IKON  AND  STEEL  AND  OTHER  MATERIALS. 


Applied  loftds.       '  I  ' 
]  Elongation '  |SSSg^  |  Permanent 

Total.      P^'  '^^^ '  ^"^  \  ^^^^         ••*• 

incn.  ' 


Poundt. 

28.600 
20,000 
20,400 
26,100 


Poundt. 
114,000 
116,000 
117,600 


Inch. 
.0650 
.0650 
.0800 


Inch. 
.0083 
.0100 
.0150 


Inch. 


SncoeaalTe 
permanent 

set. 


Inch. 


Bemarka. 


Ultimate  BtrenffjOi. 
Load  at  time  of  fraetore. 


General  aammary. 

Tensile  strength  per  sqnare  inch  of  orlffinal  section pounds..       117, fin 

Bla»tlc  limit  per  sqoare  inch  of  origlnalsection do...        «&,«< 

Elongation  per  inch  after  raptare , inch..     0.0t!9 

Elongation  per  Inch  ander  strain  at  elastic  limit do.. .       .00&.3 

Bednotion  in  diameter  at  point  of  rupture do  ..       .104 

Bednotion  in  area  after  rupture,  per  oentumof  origlnalsection 33.6 

Position  of  rupture '^6  from  ii«ck 

Character  of  broken  surface granular,  radiating  fhm  dull  spot  at  oeDt«^ 

Elongation  of  inch  sections (".23  fractured  section)  ".08,  ".06.  ".Oe,  ".05.    i 

No.  268. 


TenHontest 
Marks  on  bar  M.Bx — 2. 
Length,  6''. 
Diameter,  '^564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 

Elongation 
per  inch. 

Inch. 
0. 

.000050 
.000200 
.000367 
.000633 
.000688 
.000867 
.001063 
.001183 
.001200 
.001233 
.001267 
.001300 
.001338 
.601388 
.001400 
.  001417 
. 001450 
.001517 
.001660 
.001567 
.001600 
.001688 
.001683 
.001717 
.001788 
.001783 
.001833 
.001883 
.001888 
.001017 
.001067 
.002033 
.002067 
.002138 
.002217 

Successive 
per  inch. 

Permanent 
set. 

SucoessiTe 

• 
Bemarks. 

Total. 

Per  square 
indi. 

Poundt. 
250 
1,250 
2500 
8,750 
6,000 
6.250 
7,500 
8,760 
10,000 
10,260 
10,500 
10,750 
11,000 
11,250 
11,600 
11,750 
12,000 
12,250 
12,600 
12.760 
18,000 
18,250 
18,500 
18.750 
14,000 
14,250 
14.500 
14,750 
15,000 
15,250 
16,500 
15^750 
16,000 
16,250 
16,500 
16,750 

Pound*. 
1.000 
5,000 
10.000 
15,000 
20.000 
25,000 
80,000 
85,000 
40,000 
41,000 
42,000 
48.000 
44.000 
45.000 
46.000 
47,000 
48.000 
40,000 
50,000 
61.000 
62.000 
53,000 
64,000 
65.000 
66,000 
57.000 
68.000 
60,000 
60.000 
61.000 
62,000 
63.000 
64.000 
66,000 
66.000 
67,000 

Inch. 

Inch. 
0. 

~. 000017 
-.000017 
-.000088 
~.  000088 
_. 000033 
—.000033 
—.000017 
—.000017 

Inch. 

Initial  load 

.000050 
.000150 
.000167 
.000166 
.000150 
.000184 
.000166 
.000150 
.000117 
.000038 
.000034 
.000088 
.000038 
.000060 
.000017 
.000017 
.000083 
.000067 
.000083 
.000017 
.000033 
.000038 
.000050 
.000034 
.000016 
.000050 
.000050 
000060 

o! 

.000034 
.000050 
.000066 
.000084 
.000066 
.000084 

—.000017 

0. 
-.000016 

0. 

0. 

0. 
.000016 

0. 

• 

—.000017 

0. 

-.  000088 

-.000016 

1 

—■  000038*' 

"6." 

—.000083 

0. 

1 

'"  .006617' " 

"'■666656  ' 

Elastio  limit. 
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Applied  loadB. 

Elongation 
per  inch. 

Saocessive 

Sncoesaiye 

permanent 

set. 

Bemarks. 

Total. 

Per  BQuare 
InclL. 

elonimtioni^"™-""" 
per  inch.   !        "^^ 

Poundg. 
17,000 
17,250 
17,500 
17, 750 
18,000 
18,250 
18,500 
18,750 
19,  OUO 
19,250 
19,500 
19,750 
2u,000 
20,500 
21, 000 
21,500 
22,000 
22,500 
23.000 
23,500 
24,000 
24.500 
25,000 
25,500 
26,000 
26,500 
27,000 
27,500 
28,000 
24.500 

PoundM. 
68,000 
69,000 
70.000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80, 000 
82,000 
84,000 
86,000 
88,000 
90,000 
92, 000 
94.000 
96,000 
98,000 
100.000 
102,000 
104,000 
106,000 
108,000 
110.000 
112,000 

Ineh. 
.002383 
.002550 
.002950 

.004633 

.005233 

.006317 

.007367 

.008030 

. 008817 

.009933 

.011033 

.011900 

.0133 

.0158 

.0175 

.0200 

.0233 

.0250 

.0283 

.0300 

.0333 

.0375 

.U17 

.0467 

.0617 

.0600 

.0750 

.1050 

Inch. 

.000168 

.000167 

.000400 

.000483 

.001200 

.000600 

.001084 

.  001050 

.000683 

.000767 

.001116 

.  001100 

.000867 

Inch, 

Inch. 

.000617 

.000600 

.004650 

.004033 

Micrometer  removed. 

Ultimate  strength. 
Load    at  time    of 
fhtctnre. 

.006883 

.004183 

.0014 

.0025 
.0017 
.0025 
.0033 
.0017 
.0038 
.0017 
.0038 
.0042 
.0042 
.0050 
.0050 
.0083 
.0150 
.0300 

Specij 
Hard] 


General  summary. 

,      iflogravity 7.8648 

ardness 26.67 

Tensile  strength  per  square  inch  of  original  section pounds..       112,000 

Elastic  limit  per  soaare  inch  of  original  section do . . .         65, 000 

Elongation  per  inch  after  rupture inch..      0.153 

Elongation  per  inoh  under  strain  at  elastic  limit do...       .002067 

Reduction  in  diameter  at  point  of  rupture do...       .  124 

Keduction  In  area  after  rupture,  per  centum  of  original  section 89. 2 

Position  of  rupture 1|"  from  neck. 

Character  of  broken  surface granular, 60  per  cent.;  radiating  fh>m  a  dull  center,40  per  cent 

Elongation  of  inch  sections ".14  (".32  fractured  section),  ".14,  ".12,  ".12,  ".08. 

No.  273. 


Tension  teat 
Marks  ou  bar,  M.  B, — 3. 
Length,  3^'. 
Diameter,  '^660. 
Sectional  area,  .246  square  inch. 


Applied  load.. 

Successive 
elongation 
perinch. 

Permanent 
set. 

Successive 

TOW.    :P»„'a,»«« 

Elonsatlon 
per  Inch. 

set. 

Bemarks. 
Initial  load. 

Pounds.  1    Pounds. 
246    1         1. 000 

Ineh. 
0. 

.000233 
.000400 
.000567 
.000667 
.000800 
.001067 

Ineh. 

*  ".'660233'" 
.000167 
.000167 
.000100 
.000133 
.000267 

Ineh. 

0. 

.000033 
.000067 
.000067 
.000067 
.000067 
.000067 

Ineh. 

1,230 
2,460 
3,690 
4,990 
6,150 
7.380 

6,000 
10,000 
15,000 
20,000 
25,000 
30,000 

.000038 
.000034 

0. 

0. 

0. 

0. 
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Applied  loads. 


TotaL 


Per  Maare 
inoL 


Bloontion 
per  moll. 


eloDgatlon!^*™™'** 


per  Inch. 


set. 


Saooessiye 
permaDent 


"Remarka. 


Poundi. 
8,610 
9,840 
10,086 
10,882 
10, 578 
10,824 
11,070 
11,318 
11,562 
11,808 
12,054 
12,800 
12.546 
12,792 
18,082 
18,284 
13,580 
18,776 
14,022 
14,268 
14, 514 
14,760 
15,006 
15,252 
15^498 
15,744 
15,990 
16,286 
16,482 
16,728 
16,974 
17,220 
17,466 
17, 712 
17,958 
18,204 
18,450 
18,696 
18,942 
19,188 
19,434 
19,680 
20,172 
20,664 
21,156 
21,648 
22.140 
22,632 
28,124 
28,616 
24,106 
24,600 
25,092 
25,584 
26,076 
26,668 
27,060 
27,552 
28,044 
28,536 
28,650 
25,200 


Pound$, 
35,000 
40,000 
41,000 
42,000 
43,000 
44.000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
68,000 
54,000 
55,000 
56,000 
57,000 
58,000 
50,000 
60,000 
61,000 
62,000 
63,000 
64.000 
65,000 
66,000 
67,000 
68.000 
69,000 
70,000 
71,000 
72,000 
78,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98.000 
100,000 
102.000 
104,000 
106,000 
108,000 
110,000 
112,000 
114,000 
116,000 
116,460 


Inch. 

.001107 

.001883 

.001400 

.  001400 

.001400 

.  001467 

.001567 

.001567 

.001667 

.001783 

.001788 

.001767 

.001767 

.001767 

.001800 

.001800 

.001833 

.001883 

.001967 

.002088 

.002067 

.002100 

.002100 

.002133 

.002167 

.902107 

.002200 


.007133 

.008067 

.0100 

.0138 

.0167 

.0188 

.0200 

.0217 

.0238 

.0267 

.0283 

.0800 

.0383 

.0883 

.0400 

.0467 

.0500 

.0567 

.0667 

.0900 

.1033 


r 


Inch,  Ineh. 

.000100  '      .000067 

.000166  ,      .000097 

.000067  

0.  

0.  

.000087  

.000100  I      .000007 

0.  ! 

.000100 

.000066 

0.  1 

.000084  

0.  

0.  

.000088  

0.  

.000033  '      .000007 

0.  ! 

.000134  

.000066  

.000034  

.000067 


Ineh. 


I 

.002333 
.002367 
.002400 
.002433 
.002467    : 
.002667    1 
.002738 
.008888    I 
.008788 
.004383    I 
.005233 


.000033 

I. 

.000088 

.000084 

I. 

.000033 

.000033 

.000100 

.000084 

.000083 

.000088 

.000084 

.000200 


!•■ 


.000067 


.000067 


.000600 

.000400 

.000600 

.000900 

.001000 

.000900 

.000934 

.001938 

.0033 

.0084 

.0016 

.0017 

.0017 

.0016 

.0034 

.0016 

.0017 

.0038 

.0050 

.0017 

.0067 

.0083 

.0067 

.0100 

.0233 

.1038 


.001400 


.001888 


.008888 


Elartio  limit. 


ICiorometer  remored. 


Ultimate  atrenstli. 
Load  at  time  ofnactare. 


General  ewnmary. 

Tensile  strength  per  square  inoh  of  original  section pounds..    116,4M 

Elasticlimit  per  square  inch  of  originafseotion do...      71,000 

Elongation  per  inon  after  mptare inch..         0.16 

Elongation  per  inch  under  suViin  at  elastic  limit do...    .002467 

Redaction  in  diameter  at  point  of  rapture do...       0.110 

Bedaction  in  area  after  raptare,  per  centnm  of  original  section SSl4 

Position  of  rapture {''firomneok 

Character  of  broken  sarfisoe granular,  80  per  cent. ;  radiating  from  a  doll  center.  20  per  cent. 

Elongation  of  inch  sections (''.26  fhkctured  section)  ".12,  ".10 
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No.  274. 

Tension  teat 
Marks  on  bar,  M.  B, — 4. 
Length,  :V. 
Diameter,  ''.659. 
Sectional  area,  .245  sqoare'inch. 


perlnoli. 

SaooeMiTe 
perlnoh. 

Permanent 

Mt. 

SaoceseiTe 

permanent 

set. 

BemarkB. 

TotaL 

Persqaare 
inoh. 

Pounds. 
245 
1,225 
2,450 
8,975 
4,000 
6.125 
7,360 
8,575 
9,800 
11,025 
12,260 
12,405 
12,740 
12,985 
18,280 
18,475 
18,720 
18,965 
14,210 
14,455 
14,700 
14,045 
15,100 
15.485 
15,680 
15,925 
16;  170 
16,415 
16.660 
16.905 
17.150 
17.895 
17.640 
17.885 
18,180 
18,876 
18,680 
18,865 
19,110 
19.856 
19,600 
80,000 
20680 
21,070 
21,660 
22,050 
22,540 
23,030 
28,520 
24,010 
84,500 
84,990 
25,480 
25,970 
26.460 

Pounds.. 
1,000 
5,000 
10.000 
15,000 
20,000 
26,000 
80,000 
35,000 
40.000 
45,000 
50,000 
51,000 
52.000 
58,000 
64,000 
65.000 
56,000 
67.000 
58,000 
50.000 
60,000 
61,000 
68.000 
62.000 
64,000 
65,000 
66.000 
97.000 
68.000 
69.000 
70.000 
71,000 
72,000 
78,000 
74.000 
75.000 
76;  000 
77.000 
78,000 
79,000 
80,000 
82.000 
84,000 
86.000 
88.000 
00.000 
92.000 
94.000 
96,000 
98.000 
100.000 
102.000 
104,000 
106.000 
108,000 

Inch. 

0. 

0. 

.000297 
.000888 
.000400 
.000600 
!000667 
.000033 
.001000 
.001267 
.001833 
.001888 
.001367 
.001867 
.001400 
.001400 
.001588 
.001600 
.001667 
.001667 
.001067 
.001788 
.901888 
.001988 
.002000 
.002333 
.002600 
.002888 
.008267 
.004297 
.006000 
006600 
.006388 
.007267 
.008267 
.009000 
.000683 
.010688 
.011600 
.012297 
.018697 
.0167 
.0183 
.0200 
.0217 
.0283 
.0267 
.0288 
.0800 
.0883 
.0667 
.0417 
.0600 
.0650 
.0617 

Inch. 

Insk. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Insk. 

Initial  load. 

Elaatlo  limit. 
Micronieter  remoTed. 

"V000267"* 

:000007 
.000100 
.000197 
.000266 
.000067 
.000267 
000066 

6, 
.000034 

0. 
.000083 

0. 

.000188 
.000067 
.000067 

0. 

0. 

.000066 
.000100 
.000100 
.000067 
.000838 
.000267 
.000283 
.000434 
.001000 
.000788 
.000600 
!000783 

!  001000 
.000788 
.000883 
.000600 

.001167 

.000767 

.001400 

008083 

iooio 

.0017 
.0017 
.0016 
.0084 
.0016 
.0017 
.0038 
.0084 
.0050 
.0088 
.0060 
.0097 

0. 

0. 

.000833 

.000888 

.002607 

.002384 

.006388 

.008666 

.010667 

.604884 
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Applied  loads. 


Total. 


Poundt. 
26,950 
27,440 
27,600 
25,600 


Per  sqnare 


BrsoQ 
inon. 


Poundi. 
110,000 
112,000 
112,650 


Blongation 
perucli. 


Saooesaive 
elongation 
per  inoli. 


Ineh, 
.0767 
.0900 
.1100 


Inch. 
.0150 
.0133 
.0200 


Permanent 
set 


Inch. 


Sacces- 
aive  per- 
manent 
set 


Inch, 


Remarks. 


Ultimate  strenffth. 
.1  Load  at  time  ofmustore. 


SpeoJ 
^rd 


General  summary, 

liilo  gravity 7.8S56 

irdness 26l99 

112,850 

64,000 

0.10 

.002000 

.089 

29.3 


Tensile  strength  per  sqaare  inch  of  original  section pounds.. 

Elastio  limit  per  sooare  inch  of  originalsection 


.do... 


Elongation  per  inon  after  mptare inch 

Elongation  per  inch  nnder  strain  at  elastic  limit do. . 

Bedaction  in  diameter  at  point  of  rupture do. . 

Beduotion  in  area  after  rupture,  per  centum  of  original  section 

Position  of  rupture i"  from  middle  of  sten 

Character  of  broken  surfisce granular ;  small  dull  spot  near  the  oenter  of  the  fk«ctnrod  surfitee 

Elongation  of  inch  sections 'M3  (".25  fractured  section)  ".10 


No.  312. 
Tension  test. 


Marks  on  bar,  ^-^^ 

Length,  6'^ 

Diameter,  ''.664. 

Sectional  area,  .25  square  inch. 


AppUed  loads. 

Elongation 
per  Inch. 

Successive 

Suooesslve 

permanent 

set 

Total. 

Per  square 

is&i'^"  • 

Remarks. 

PovMdt. 
250 
1,260 
2.500 
3,750 
5,000 
6.250 
7,500 
8,750 
10,000 
10,250 
10,500 
10,750 
11,000 
11,250 
11,250 
11,750 
12,000 
12.250 
12,500 
12,760 
13.000 
13,250 
18,500 
13,750 
14,000 
14.250 
14,500 
14,760 
15,000 
1.5,260 
15,500 

Poundt. 
1,000 
5,000 
10,000 
15,000 
20,000 
25.000 
30,000 
35.000 
40.000 
41,000 
42.000 
43.000 
44.000 
45,000 
46,000 
47.000 
48.000 
40,000 
50,000 
51,000 
62.000 
53,000 
54,000 
55,000 
56.000 
57,000 
58,000 
50.000 
60.000 
61,000 
62  flOO 

Ilk*. 
0. 

.000117 
.000233 
.000400 
.000550 
.000667 
.000833 
.001000 
.001188 
.001200 
.001233 
.001267 
.001300 
.001333 
.001383 
.001400 
.001450 
.001500 
.001533 
.001567 
.  001617 
.001667 
.001700 
.  001733 
.001800 
.001867 
.001967 
.002033 

.002400 
.002617 
.002900 
.003333 

Inck. 
0. 
.000117 

Inch. 
0. 
0. 

Ineh. 
0. 

Initial  load. 

.  000116    -    0. 

.000167 
.000150 
.000117 
.000166 
.000167 
.000183 
.  000017 

0. 
0. 

8: 

0. 
.000017 

.000017 

.000033 
.000034 
.000033 
.000033 
.000050 
.000017 

.000038 

.000016 

.000050 
.000050 
.000033 
.000034 
.000050 
.000050 
.000033 
.000083 
.000067 

.000050 

.000017 

.000100 

.000050 

1 

1 

.000067 

Elastic  limit. 

.000100 
.000066 
.000200 
.000167 
.000217 
.000283 

.000350 

.000250 

15,750    1        63,000 
16, 000    1        lU.  000 

1 

.000433 

1 
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Per  sanare 
Inob. 


EloDfcation 
per  inch. 


Saccesalve ' 
eloncation 
perlooh. 


Permanent 
set. 


SnccesaiTe  I 

permanent  j 

set       I 


Semarks. 


Pounds. 
16.250 
16,500 
16.750 
17,000 
17,250 
17,500 
18,000 
18,500 
19,000 
19,500 
20,000 
20,600 
21.000 
21,500 
22,000 
22,500 
23,000 
23.500 
24,000 
24,500 
25,000 
25,500 
26,000 
26,500 
27,000 
27,110 
25,200 


Poundt. 
65,000 
66.000 
67,000 
68,000 
60,000 
70,000 
72,000 
74,000 
76.000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94.000 
06.000 
98,000 
100,000 
102,000 
104,000 
106,000 
108,000 
108,440 


Inek. 


.004617 
.005233 
.005050 
.006600 
.007583 
.008050 
.010867 
.012683 
.014333 
.  016517 
.018400 
.020100 
.022250 
.024250 
.026450 
.  029517 


.  035117 

.039450 

.043917 

.0467 

.0550 

.0633 

.0817 

.0967 


Ineh. 

.000500 

.000784 

.000616 

.000717 

.000650 

.000983 

.001307 

.001917 

. 001816 

.001650 

.002184 

.001883 

.001700 

.002150 

.002000 

.  002200 

.003067 

.003316 


.004333 

.004467 

.002783 

.0083 

.0083 

.0184 

.0150 


.001650 

Inch. 
.001800 

......>...•. 

.  005217 

.003567 

1 

1 

Micrometer    re- 
moved. 


Ultimate  strenetb. 
Load  at  time  of  rup- 
ture. 


General  summary. 

Tensile  strenVth  per  square  inch  of  oriRlnal  section pounds..      108,440 

Elastic  limit  per  sonare  inch  of  original  section do 67,000 

Monii^tion  per  incn  after  rupture '. inch..    0.105 

Blongation  per  inch  under  strain  at  elastic  limit do...      .001807 

Beduction  in  diameter  at  point  of  rupture do...      .104 

Reduction  in  area  after  rupture,  per  centum  of  original  section 83.6 

Position  of  rupture ''.70fh>mneck. 

Character  of  broken  surface granular,  dull  center. 

Elongation  of  inch  sections ".07,  ".08,  ".07,  ".08,  ".09  (".24  jfractured  section) . 

No.  313. 

Tension  test 
Marks  on  bar,  V« 
Length,  6". 
Diameter,  ".564. 
Sectional  area,  .25  sqaare  inch. 


Applied  loads. 


I 


Total. 


Pounda. 

250 

1,250 

2.500 

3.750 

5,000 

6,250 

7.500 

8,750 

10,000 

10.250 

10,500 


I  I  I 

I  Elongation    Successive  permanent  Successive 
r~l»!;4««i;      elongauon      """t"""'^  .  permanent 
Persouarei  P^^*°^*»-      per  Inch.  "^^        T     set 

inch.  I 


Kemarks. 


Pounds. 
1,000 
5.000 
10,000 
15.000 
20.000 
25.000 
30,000 
35.000 
40.000 
41,000 
42,000 


Inch. 
0. 

.000117 
.000283 
.000450 
.  000617 
.000750 
.000900 
.  001067 
.  001233 
.001250 


Inch. 
0. 

.000117 
.000166 
.000167 
.  000167 
.000133 
.  000150 
.000167 
.  00U166 
.  000017 
.000033 


Inch. 

0. 

0. 

0. 

0. 
.  000017 
.  000017 
.000017 
.000017 
.000017 


Inch. 


Initial  load. 


.000017 


S.  Ex.  35 22 
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Appli 
Total. 

bd  loads. 

Per  square 
inch. 

Poundt. 
43,000 
44,000 
46,000 
46,000 
47, 000 
48,  000 
49,000 
5  ,  000 

51,  000 

52,  000 

53,  000 
54,000 
55,  000 
56,000 
57,000 
58,000 
59,000 
60,000 
61, 000 
62,  000 
63.000 
64,000 

65,  000 

66,  000 
87,000 
68,000 
69,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75, 000 
76. 000 
78,000 
80,000 
82,000 
84,000 
86,000 
88.000 
90,000 
92,000 
94,000 
96,000 
98, 000 

100,  000 
102,  000 
104.000 
106,  000 
108.000 
110,000 
112,  OOO 
114,  000 

Elongation 
per  inch. 

Inch. 

. 001317 
.  001350 
.  001383 
.001417 
.001450 
.001483 
.001517 
.001550 
.001583 
.001617 
.  001650 
.  001700 
.001733 
. 001783 
.001817 
.  001850 
.001883 
.  001917 
.001950 
.  002000 
.  002033 
.  002067 
.  002100 
.002200 
.002250 
.  002367 
. 002433 
.002700 
.002933 
.  003400 
. 004067 
. 004817 
.  005550 
.  006933 
.  008550 
.  010383 
.012500 
. 014083 
.015850 
.018083 
. 020650 
.  022333 
. 024333 
.  027400 
.  030333 
.  033000 
.0367 
.0400 
.0450 
.0500 
.0017 
.0717 
.1050 

Successive 
elongation 
per  inch. 

Inch. 
.000034 
.000033 
.  000033 
.000034 
.  0(0033 
.  000033 
.  000034 
.  000033 
.000033 
.000034 
. 000033 
.  000060 
.  000033 
.  0000-.0 
. 000034 
.  000033 
.000033 
.  000034 
.000033 
. 000050 
.  000033 
.000034 
.  000033 
.000100 
.000050 
.000117 
.000068 
.000267 
.000233 
.000467 
.000667 
.000750 
.  000733 

Permanent 
set. 

1 

1 

Successive  1 

permanent             Bemarks. 
set. 

Poundi. 
10,760 
11,000 
11, 260 
11,500 
11,760 
12, 000 
12,260 
12,500 
12,750 
13,000 
13,250 
13,600 
13,750 
14,000 
14,250 
14. 600 
14,760 
15,000 
15,250 
15, 500 
15,750 
16.  000 
16,250 
16,500 
16,750 
17,000 
17,260 
17,600 
17,760 
16,000 
18,250 
18,500 
18,750 
19,000 
19,500 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23, 000 
23,600 
24.000 
24,600 
25, 000 

Inch. 

Inch. 

Elastic  limit. 

.000033 

.000016 

"'Vooooso* 

"".'66ooi7" 

.000050 

0. 

.000067 

.000017 

4 

.000083    ;      .000016 

j   .   .. 

1 

] 

.666456          .666367 

.0013&3 
.  001617 
.  001833 
.  002117 
.  001583 
.  001767 
.  002233 
.  002567 
.  001683 
,  002000 
.  003067 
.  002933 
.  002667 
.0037 
.0033 
.0050 
.0050 
.0117 



• 

1 

L. ..:.::": 

1 

, 

Micromt^ter  roTnoveil. 

25,500 
26,000 
26,500 
27.000 
27,  500 
28,000 
28, 500 
25,200 

1, 

I 

' 

.0100 
.0333 

i 

1 

Ultiroate  strength. 
Load  at  time  of  rap- 
ture,                         j 



General  summary. 

Tensile  stren j2:th  per  square  inch  of  orif^inal  section pounds . .       114,  eC"0 

Elastic  limit  per  square  inch  of  original  section do CT.OisI 

Elongation  per  inch  after  rupture inch . .     0. 1283 

Elongation  per  inch  under  strain  at  elastic  limit do 0022:^ 

Keduction  in  diameter  at  point  of  rupture    do OM 

Beductlon  in  area  after  rupture,  per  ceutufn  of  original  section . .  30. 5 

Position  of  rupture |"  from  neck. 

Character  of  broken  surface granular;  dull  spot  near  center. 

Elongation  of  inch  sections ".08,  ".09,  ".09,  ".12,  ".14  (".25  fractured  sectioDi. 
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No.  375. 

CompresHon  test 
Marks  on  bar,  ">•**. 
Length,  11".97. 
Diameter,  1".129. 
Sectional  area,  I  square  inch. 


Applied  loads. 


Total. 


I  Per  square 


sqaai 
Dch. 


Foundg. 
500 
5,000 
10.000 
15.000 
20,000 
25,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,00<) 
44.000 
45,000 
46,  000 
47,000 
48,  000 
49,000 
50,000 
51,000 
52,  OOO 
53,000 
&4,000 
65,000 
56,000 
57.  000 
58,000 
59,000 
00.000 
61,  IK)U 
62,0U0 
63,000 
64,000 
65,000 
68,400 

69,400 


inc 


PoundM. 
500 
5,000 
10,000 
12),  000 
20,000 
25,000 
30.000 
35,000 
40, 000 
41,000 
42,000 
43,000 
44.000 
45,000 
46.000 
47, 000 
48.000 
49.000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
68,  000 
50,  000 
60.  000 
61,000 
6-.»,  000 
63,000 
64,000 
65.  000 
68.400 

69,400 


Succestiive 
Bionner     ,   ««"P»-«8- 


Inch.      I 
0. 

.  000140 
.  000280 
.  000440  , 
.  OOOGOO  I 
.  0O07.')O 
.000930 
.001100 
.001250  I 
.001290 
.001310 
.001370 
.001400 
.001430 
. 001470 
. 001490 
.001510 
.001570  i 
.001590  I 
.001630  ' 
.001670 
.001710  I 
.  001740 
.001770  I 
.  001830  ' 
.  001870 
.001030  : 
.001990 
.  002130  I 
.002280 
.  002480 
.  002780 
.  003080  I 
.003770  I 


40U   I 

ATn     ' 


iuch. 


Inch. 
0. 
.  000140 
. 000140 
.  000160 
.000160 
.000150 
.000180 
.  900170 
.000i50 
.  000040 
.000020 
.000060 
.  000030 
.  000030 
.000041 
.000020 
.  000020 
.000065 
.000020 
.000040 
.  000040 
.000040 
.000030 
.  000030 
,000060 
.000040 
. 000060 
.000060 
.000140 
.  OOOl.'iO 
.000200 
. 000300 
.  000300 
.  000690 


Ineh, 

I  t 

I  .  000010 
.000010 
,  .  000010 
,  .  000010 
I  .  000020 
.  000020 


permanent  i 
set 


Remarks. 


Inch. 


.000010 
0. 
0. 
0. 

.  000010 
0. 


Initialload. 


. 000030 


.  000030 


.000040 


.000180 


. 001580 


.  000010  ; 


.000010      Perceptible   deflcc- 
tion. 


.  000130 


Rapid  deflection  go* 
ing  on. 


.  001400      Mlcrometorremovod. 

Middle       deflection 

'     'MO. 
(  lfiddledeflection'M7. 
{    ritimate  strength. 


Failed  by  triple  flexure. 
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No.  104. 

Tension  test. 
Marks  on  bar,  M  Brx  i — 1. 
Length,  6". 
Diameter,  ".564. 
Sectional  area,  .25  sqaare  inch. 


Applied  loads. 
Total.     iPerionare 

I  IQCh. 


Pounds. 
250 
1,2.t0 
2,500 
3,750 
5,000 
6,250 
7,500 
8,750 
10,000 
11,250 
12,  500 
12,750 
13,000 
13,250 
13,500 
13,750 
14,000 
14,250 
14,500 
14,750 
15,000 
15,250 
15,500 
15,750 
16,000 
16,250 
16,500 
16,760 
17,000 
17,250 
17,500 
18,000 
18,500 
19,000 
19,500 
20.000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24.500 
25,000 
25.500 
26.000 
26.500 
27,  000 
27,  500 
28,000 
28,250 
25,400 


Pounds. 
I.OUO 
5,000 
10,000 
35.000 
20,000 
25,000 
30,000 
35.000 
40,000 
45,  000 
50.000 
51.000 
52,000 
53,000 
54,000 
55.000 
56,000 
67,000 
58,000 
59.000 
60,000 
61,000 
62,000 
68,000 
64,000 
65.000 
66,000 
67.000 
68.000 
60.000 
70,000 
72.000 
74,  000 
76,000 
78,000 
80,000 
82,000 
84,000 
86.000 
88,000 
90,000 
92,000 
94.000 
96.000 
08.000 
100.  000 
102,000 
UH,  000 
106,  OuO 
108.000 
110.000 
112.000 
113.000 


^i??f?i}°°  ??oSlo''n    P^r^M^e^t   8?°eP?r 


periDch, 


eloaf^ation  , 
I   per  inch. 


manent 
set. 


Remarks. 


Inch. 
0. 

.000117 
. 000237 
. 0003fl7 
. 000517 
.000683 
.  000833 
.000983 
.001167 
.  001 30U 
.  001467 
.001500 
.001533 
.001550 
.001567 
.001617 
.001667 


Inch. 


.001700 

.001733 

.001767 

. 001833 

.001867 

.001983 

.002183 

.002467 

.002850 

.003300 

.  004017 

.004567 

.005517 

.006850 

.  008650 

.  010200 

.011667 

.Oi;j417 

.0150 

.0167 

.0183 

.0217 

.  0233 

.02.30 

.0267 

.  0317 

.  0333 

.0367 

.0100 

.0467 

.O-^OO 

.  0.58:} 

.0700 

.0867 

.  0933 


.000117  I 

.000120  ; 

.000i:{0  I 

.0001.50  I 

.  0U0166 

.000150 

.000150 

.000184 

.000133 

.  000167 

.  000033 

.000033 

.000017 

.000017 

.0000.50 

.000050 

.000016 

.000017 

.000033 

.000034 

.000066 

.000034 

.000116 

.000200 

.  000324 

.0003^3 

.000450 

.  000717 

.  000550 

.000950  ! 

.001333 

.001800  I 

.001550 

.001467  I 

.0017!^  I 

.001583  I 

.  0017    ! 

.0016    I 

.  0034    I 

.  0016    I 

.  0017    I 

.0017 

.0050 

.0016 

.0034 

.0033 

.0067 

.0033 

.0117 
.0167 
.0066 


Inch. 

Inch. 

0. 

.000017 
.000033 
.0(»0033 

.000017 
.000016 
0. 

Initial  load. 


.  0000.50 
.  000033 


.000033  lo. 

.0tHM)33  !0. 

.  000033  0. 

.  000638  0. 


.000017 
000017 


.000033  0. 


.000017 


.000016 


.000400 


. 000417 


Blastio  limit. 


.008067 


.002667 


.010250   .007183  ,  Micrometer  remoT^ed.' 


• 


Ultimate  strenffth. 
Load  attime  of  feao- 
tnre. 


General  summary. 

Tensile  strenjirth  per  square  inch  of  oriicinal  section pounds  liai  004 

Elastic  limit  per  square  inch  of  original  section do    '*  iS.006 

Elongation  per  inch  after  rupture inch*        OilM 

Elonj^ation  per  inch  under  strain  at  elastic  limit ..'...' ../.'..do    "  0O1M7 

Reduction  in  diameter  at  point  of  rupture ..-. ',,'[ | [do  *  IM 

Beduction  in  area  after  rupture,  per  centum  of  original  section".'...'."* .'.".'. 33*6 

Position  of  rupture ""s  fh)m  neck. 

Character  of  broken  surface Granular,  radiating  flpom'smoky  spot  »t  center. 


_2,ff:>  r^iL^rt^  -^orrty  ^jZ^o^     ISeo& 


^LoZZeet. 


SEx35491 
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]sro.  105. 

Tension  test, 

Marks  on  bar,  M.  Bex.i — 2, 

Length,  6". 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 
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Applied  loads. 


Elonnttion  ^^^'^•fr® 


Total. 


Pounds. 
250 
^  1,250 
2.500 
3,750 
5,000 
6.250 
7,500 
8,750 
10,000 
11,250 
12,500 
12,760 
13,000 
13,250 
13,500 
13,750 
14,000 
14.250 
14,500 
14.750 
15,000 
15,250 
15, 500 
16.760 
16,000 
16,250 
16,500 
16.750 
17, 000 
17,260 
17,500 
18.000 
1^500 
19,000 
19.500 
20,000 
20.500 
21,000 
21,500 
22,000 
22,500 
23,000 
23.500 
24.000 
24,500 
25,000 
25,500 
26,000 
26.500 
26,6i<0 
24,000 


inc^. 


Permanont 


SacceBsive 


.T        pennaneDt 
"^^"  set. 


Pounds. 
1.000 
5,000 
10,000 
15,000 
20,000 
25, 000 
80,000 
35,000 
40,000 
45,000 
50,000 
51.000 
62.000 
53,000 
54,000 
55.000 
56,000 
57,000 
68,000 
60.000 
60,000 
61,000 
62,000 
63,000 
64.000 
65,000 
66.000 
67,000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
«  88,000 
90.000 
92,000 
94.000 
96,000 
98  000 
100,000 
102,000 
104.000 
106,000 
106,720 


Inch. 
0. 

.000100 
.000233 

.  ooosa") 

.000517 

.000650 

.  000817 

.  000983 

.  001133 

.001267 

.001433 

.001500 

. 001533 

.001567 

.0016UO 

.  001667 

.  002433 

.002933 

.  003517 

.  003917 

.004483 

.  005150 

.  C05783 

.006317 

.007183 

.007833 

.008500 

.009267 

.009967 

.010483 

.011533 

.012960 

.  014988 

.016883 

.018717 

.020638 

.  02.33 

.0267 

.0300 

.0317 

.0342 

.0883 

.0400 

.0440 

.0617 

.0567 

.0667 

.0800 

.1017 

.1150 


Inch. 


Inch. 


Inch. 


.000100 

.000133 

.000150 

.000134 

. 000133 

. 000167 

.000166 

.000150 

.000134 

.000160 

.000067 

.000033 

.000034 

.000033 

.000067 

.000766 

.000500 

.000584 

.000400 

.000666 

.000667 

.0006.33 

.000534 

.000866 

.000650 

.000667 

.000767 

.000700 

. 000516 

.001050 

.001417 

.002033 

.001900 

.001834 

.001916 

.  002677 

.0034 

.0033 

.0017 

.0025 

.0041 

.0017 

.0050 

.0067 

.0050 

.0100 

.0133 

.0217 

.0133 


0.       

0.       ' 

0.        

—.000017  —.000017 

— . 000033  — .  000016 


0. 

— . 000050   — .  000017 
—.000050    0. 
— .  000050    0. 
—.000050  ,  0. 
—.000033    .000017 


".' 000033  • 

".'oooooi" 

".002460"' 

"".' 002367  " 

.005433 

.  003033 

"*."008867" 

'".'663434* 

Remarks. 


Initial  load. 


Elastic  limit. 


017233  .  008866     Micrometer  removed. 


Ultimate  strength. 
Load    at  time   of 
firactore. 


General  summary, 

Tenaile  strength  per  sqaare  inch  of  orisinal  soctiou  poands..      106,720 

Eliwtic  limit  per  sanara  inch  of  original  section  do —       64,000 

Elongation  per  inch  after  rupture inch . .    0. 14 

Elongation  i;erinch  under  strain  at  elastic  limit do. ..      .001600 

Reduction  in  diameter  at  point  of  rupture do ...      .114 

Reduction  in  area  after  rupture,  per  centum  of  original  section 36. 4 

PoBition  of  rupture  ".6  from  middle  of  spAiimen. 

Character  of  hroken  surface Granular,  radiating  from  smoky  spot  at  center. 
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No.  106. 

Tension  test. 
Marks  on  bar,  M.  Bcxi — ^3. 
Length,  6''. 
Diameter,  ".504. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Pounds, 
250 
1,250 
2,600 
3,750 
5,000 
6,250 
7,500 
8,750 
10. 000 
11,250 
12,500 
12.750 
13, 000 
13.250 

13,  500 
13,750 
14. 000 
14,250 

14,  500 

14,  750 
15, 000 

15,  250 

15,  500 
15. 750 
16,000 

16.  250 
16,500 
16,750 
17,000 
17,250 
17.500 
17.750 
18.000 
18,250 
18,500 
18.750 
10, 000 
19,250 
19,500 
19,750 
20, 000 
20,250 
20,500 
20.750 
21,000 
21,250 
21,500 

21,  750 
22,000 

22.  250 

22,  500 

23,  000 
23,500 
24,000 

24,  500 

25,  000 
25,  500 
26,000 
26,500 
27.000 
27,600 


^«?SJII      elongation 
incn. 


eionffation 
per  Inch. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,  000 
35,000 
40.000 
45,000 
50,000 
51,  000 
52, 000 
53,000 
54,000 
55,  000 
56,000 
57,000 
.''>8,000 
59,000 
60,000 
61,000 
62,000 
63,  000 
G4.  000 
65, 0<)0 
66,000 
67.  0<I0 
68.000 
69. 000 
70,  000 
71.000 
72. 000 
73.000 
74, 000 
75, 000 
76,000 
77,000 
78.000 

79,  000 

80,  000 

81,  000 

82,  000 
8j.  000 
84,000 
85, 000 
86,000 

87.  000 

88.  000 

89.  000 
90,04K) 
92,000 
04.000 
96, 000 
98.000 

100,000 
102,000 
104,  000 
■  106.000 
108.  000 
110,000 


Inch. 
0. 

.000133 
.000283 
.000417 
.000550 
.000700 
.  000850 
.  OOIOUO 
.001167 
. 001333 
.001500 
. 001550 
.  001567 
.001600 
.  001650 
.001083 
.001700 
.001733 
•  .001783 
.001817 
.0018^^3 
.001867 
.001917 
.001967 
.  002000 
. 002083 
.002200 
. 002350 
.  002567 
.  002933 
.  00.3650 
.  00398:{ 
.  004817 
.  00M33 
.  006483 
.007167 
.007817 
.  00H.'>.33 
.  009450 
. 010200 
.011517 
.011933 
.  012350 
,01.32;J3 
.  014500 
.  01.5583 
. 016333 
.  016983 
.018017 
.019117 
. 020600 
.02.33 
.0267 
,a300 
.  0333 
.  OUfA) 
.0383 
.0417 
.0467 
.0533 
.0600 


Inch. 


.000133 
.000150 
.000134 
.  000133 
.000150 
.000150 
.  000150 
. 000167 
. 000166 
.000167 
.000050 
.  000017 

.  oooo.^3 

.  OOOO.'iO 
.000033 
.  000017 
.000033 
.000050 
.000034 
.  000016 
.  000034 
.0(K)050 
.000050 
.000033 
.0000^3 
.000117 
.  000150 
.000217 
.000366 
. 000717 
. 0C0233 
.  00OK34 
.  000516 
.001150 
.  000684 
.  0006.50 
.000716 
.  000917 
.  000750 
.001317 
.000416 
.000417 
. 000883 
.001267 
.001083 
.  000750 
. 000650 

.ooio:i4 

.001100 
. 001483 
.  0027 
.0034 
.  0033 
.0033 
.0017 
.0033 
.0034 
.0050 
.  0066 
.0067 


Pormanent 
set. 


Inch, 


Successive 

permanent 

set.       ' 


Keinarks. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 
. 000017 
. 000017 
.000050 


. 000067 


.000083 


.000133 


Inch, 


Initial  load. 


.  00«>017     ' 
0.  ' 

.000033     I 


.000017     I 


.000016  ; 
I 


.00p050 


Elastic  limit. 


.  001217      Rested  4  honr  un- 
der  iniUal  loal. 


•I 


.  004500    I      .  003150 


•I 


.00850U  ;   .OOiOOO 


. 012283     . 00378 


.  017000 


.004717     MiciometerremoTed. 
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Applied  loads. 


Total. 


,  Per  square 
'  inoD. 


I 


I 


I  Pounds.  I    Pounds. 


28,000 
I  28,500 

28,750 
,  25,800 


112,000 
114,  000 
115,000 


Elongation  ^°^*5^«  I  Permanent  Snccessive 
ilftrTnoh  I  elongation  ^«™»"«"i  pennanent 
per  men.   ^   p^p  i^ch.  ®*^  set 


Jneh. 
.0733 
.0883 
.1133 


Inch, 
.0133 
.0150 
.0250 


Jneh. 


Inch. 


Remarks. 


intimat«  strength. 
Load    at    time   of 
fracture. 


General  summary. 


Hardness . 


24.84 

115,000 

94,000 

0.143 

.002000 

.104 

33.6 


Ttnsile  strength  per  square  Inch  of  original  section pounds.. 

Elastic  limit  per  square  inch  of  original  section do. . . 

Elingation  per  i nch  after  rupture inch . . 

Elongation  per  inch  under  strain  at  elastic  limit do... 

Keciuction  in  diameter  at  point  of  rupture do . . . 

Beduction  in  area  after  rupture,  per  centum  of  original  section 

Position  of  nipt ure ".8  from  neck. 

Character  of  broken  surface granular,  radiating  from  a  smoky  spot  at  center 

No.  107. 

t 

Tension  test 
Marks  on  bar,  M.  Bexi — 4. 
Length,  G". 
Diameter,  ".564. 
Sectional  area,  .25  sqaare  inch. 


Applied  loads. 


Total.    TerMuare 


Elongation   Sp«<»Mjv®  Permanent  1  Successive 
perSch.   I  «»-f„ti-  t        set.         P^™-"*  | 


Remarks. 


Pounds. 
250 
1,250 
2.500 
3,750 
5.000 
6,250 
7,500 
8.760 
10,000 
11,250 
12,500 
12,750 
13.000 
13,250 
13,  500 
13, 7,50 
14,000 
14,250 
14,500 
14,750 
15,000 
15.250 
15, 500 
15,750 
16,000 
16,250 

16.500 
16, 750 
17,000 
17, 250 
17,500 
18,000 
18,500 


Pou}xds. 
1,000 
5.000 
10.000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
51.000 
52,000 
53,000 
54,000 
55, 000 
56,000 
57,  000 
58,000 
50,000 
60, 000 
61,000 
62,000 
63,000 
64,000 
65,000 

66.000 
67,000 
68.000 
09,000 
70,000 
72,000 
74,000 


Inch. 
0. 

.000100 
.000250 
.000400 
.000560 
.000700 
.000900 
. 001050 
.001217 
.001383 
.001550 
.001583 
.  001617 
.001650 
.001717 
.  001750 
.001817 
.001883 
.001917 
.001967 
.002050 
.002200 
.  002400 
.002550 
.  002917 
.003317 

.003850 
.004433 
.005383 
.  005900 
.006817 
.  008333 
.009333 


Inch. 

'.oooioo 

.000150 
.000150 
.000150 
.  000150 
.000200 
.000150 
. 000166 
.  000167 
.  000167 
.000033 
.000034 
.  000033 
.000067 
. 000033 
.  0001.67 
.000066 
.000034 
.000050 
.  000083 
. 000150 
.000200 
.  000150  I 
.000367  ! 
.000400 


.000533 
.000583 
.000950 
. 000517 
.000917 
.001516 
.001000 


Inch. 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.000017 
. 000017 

.66o6i7 

0. 

Initial  load. 


000033 


.000016 


.000150 


.000117 


.  001133 


.000983 


I 


.004300 


.003167 


Elastic  limit 


Rested  one  hour  un- 
der initial  load. 
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Applied  loads. 


Total. 


Poundt. 
19,000 
19,500 
20.000 
20,500 
21.  000 
21.500 
22.000 
22.500 
23,000 
23,500 
24.000 
24.500 
25.000 
25.500 
26,000 
26.500 
27,000 
27,500 
27.580 
25,300 


,  Elonsation 

Peraauare,  P^in^l^- 
incn. 


Poundt. 
76. 000 
78.000 
80.000 
82,000 
84.000 
86,000 
88,000 
90.000 
92,000 
94,000 
96,000 
08,000 
100.000 
102,000 
104,000 
116,000 
108,000 
110,000 
110, 820 


Inch, 

.  011300 
.013467 
.015050 
.016383 
.018650 
.  020517 


.025100 

.0267 

.0300 

.0333 

.0383 

.0417 

.0450 

.0517 

.0583 

.0683 

.0917 

.1050 


SaccoBslve 
eloDsatlon 
perlnch. 


Inch. 

.001967 

.002167 

.001583 

.001333 

.002267 

.001867 

.002516 

.002067 

.0016 

.0033 

.0033 

.0050 

.0034 

.0033 

.0067 

.0066 

.0100 

.0234 

.0133 


Permanent  Snccesaive! 
oJ*  permanent 

"®*-  set 


Kenaarks. 


Ineh, 


Inch. 


.011750 


.007450 


.021238 


.  009483     Micrometer  removed. 


I 


I  Ultimate  strength. 

Load  at  time  of  frac- 
I      tare. 


General  summary. 

'Sbodsau 2xt 

Tensile  strength  per  square  inch  of  original  section pounds..    110,33 

Elastic  limit  per  sqaare  inch  of  originaTsection do. ..     59,% 

Elongation  per  incn  after  rupture inch. .        O.U 

Elongation  per  inch  under  strain  at  elastic  limit do...    .OOliT 

Seduction  in  diameter  at  point  of  rupture do...       A'A 

Seduction  in  area  after  rupture,  per  centum  of  original  section ^ do...       3^i 

Position  of  rupture ".^trom  middle  of  specioet. 

Character  of  broken  surfaoe granular,  radiating  from  smoky  spot  at  ceok:. 
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General  summary. 

(Sect km  A.) 

Tenafle  strength  per»qnarD  inch  of  original  section pcKUids..        ?^ '.' 

Klastic  limit  per  sooare  inch  of  original  section do —        43 

Elongation  per  inch  after  mptare ..incli--    t.l7l 

Elongation  per  inch  onder  strain  at  elastic  limit do —      .ft'iM 

Dimensions  at  point  of  mptare.  2".09  by  ".88= square  incb..     1.  )<:» 

Redaction  in  area  after  roptare.  percentam  of  original  section - 47.5 

Position  of  mptnre t 4"  from  middle  of  tbeb«r 

Character  of  broken  sor&ce,  fine  granular.  85  per  eent. :  radiating  from  a  knenge-shsiped  eenter,  U  ^- 
cenL,  having  a  dull  smoky  color. 

(Section  B.) 

Elastic  limit  per  soaare  inch  of  original  section pounds..        49. 

Elongation  per  inch  onder  strain  at  elastic  limit ..inch..     0.c>  .'. 

(Section  C.) 

Elastic  limit  per  sonare  inch  of  original  section pounds..        4T.  • 

Elongation  per  inch  under  strain  at  elastic  limit inch. .     0.  r  :> 


Measurements  showing  the  cross-section  of  tbe  bar  every  5^'  in  len^ii 
after  it  had  been  strained  with  70,000  ponnds  per  square  inch  and  re- 
leased to  the  initial  Ic^ad. 


Width. 


Thickness. 


Sectional 


Inside    ,  Outside 
edge.     I    edge. 


Contrac-  ' 
tionof 
area.     < 


Inche9. 

Inehei. 

Inehet. 

Sq 

.ineheg. 

Percent. 

i      2.776 

1.231 

1.234 

3.42 

2.3 

EndB. 

2.763 

1.231 

1.230 

3.42 

2.9 

i      2.765 

1.230 

1.231 

3.40 

2.9 

2.764 

1.229 

L231 

3.40 

2.9 

]      2.767 

1.232 

1.232 

3.41 

2.6 

1      2.772 

1.235 

1.235 

3.42 

2.3 

1      2.777 

1    t 

1.234 

i.«H 

1 

8.43 

2.0 

EndC. 
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352   TESTS  OP  IRON  AND  STEEL  AND  OTHER  MATERIALS. 

General  summary, 

(Section  A.) 

Tensile  strength  per  square  Inch  of  original  section pounds..        78,000 

Elastic  limit  per  SQiiare  inch  of  original  section do 40,000 

Elongation  perinon  after  rupture Inch..  0.156 

Elongation  per  inch  nnder  strain  at  elastic  limit do...     0.001S3T 

Dimensions  at  point  of  mptnre,  2".04  by  ".85= square  inch..  1.734 

Reduction  in  area  after  rapture,  percent,  of  original  section 40.4 

Position  of  rupture 4"  from  middle  of  bsr 

Character  of  broken  surface:  fine  silky,  33  per  cent ;  granular,  67  per  cent.,  radiating  from  silky  por- 
tion. 

(Section  B.) 

Elastic  limit  per  square  inch  of  original  section pounds..         41, 400 

Elongation  per  inch  under  strain  at  elastic  limit inch . .     Oi  001490 

(Section  C.) 

Elasticlimit  per  square  inch  of  original  section pounds..         40,000 

Elongation  per  inch  under  strain  at  elastic  limit inch..     0.001337 

Measurements  showincr  the  cross-section  of  tbe  bar  every  6''  in  leogth 
after  it  had  been  strained  with  60,000  pounds  per  square  inch,  and  re- 
leased to  the  initial  load. 


Thickness. 

1 
1 

1 

Wid  th- 

Sectional 

Contrac-  .* 
tionof   1 

Inside 

Outside 

1     area. 

area,     i 

edge. 

edge. 

1 


1  Sq.ineh. 

Inehei, 

InchM, 

Inchet. 

Per  cent. 

2.7tt2 

1.200 

1.195 

,       3.31 

3. 5    '  End  B. 

2.780 

1.207 

1.207 

i        3.33 

2.9    ' 

2.760 

1.207 

1.206 

3.33 

2.0    1 

2.751 

1.202 

1.203 

8.31 

3.6    1 

2.747 

1.201 

1.200 

I        3.30 

3.8    ' 

2.752 

1.203 

1.202 

I        3.31 

3.5    1 

2.758 

1.197 

1.197 

'        3.80 

3.8    i  EndC. 
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No.  108. 

Tension  test. 

Marks  on  bar,  M.  Bsxt^o. 

Length,  6''. 

Diameter,  ."664. 

Sectional  area,  .25  sqaare  inch. 


Applied  loads. 


Total. 


PotmdM. 
250 
1,250 
2,500 
8,750 
5.000 
0,250 
7,500 
8,750 
10, 000 
11, 250 
11,500 
11,750 
12,000 
12, 250 
12,500 
12, 750 
13,000 
13, 250 
13, 500 
13,750 
14,000 
14, 250 
14,500 
14,750 
15,000 
15,250 
15^600 
15,750 
16,000 
16^260 
16,500 
16,750 
17,000 
17,250 
17,500 
18,000 
18,500 
19,000 
19,500 
20,000 
20.500 
21,000 
21,500 
22,000 
22,500 
23.000 
23,500 
24.000 
24,500 
25,000 
25,500 
23,000 


Per  Bqnare 
incn. 


Poundi. 
1,000 
5,000 
10,000 
15, 000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
46,000 
47,000 
48.000 
40,000 
50.000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
50.000 
60,000 
61,000 
62,000 
63,000 
64,000 
66,000 
66,000 
67,000 
68,000 
69,000 
70,000 
72»000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94, 000 
96,000 
98,000 
100,000 
102,000 


EloDsation 
periBch. 


Inch, 
0. 

.000117 
.000267 
.000417 
.000550 
.000683 
.000850 
.001000 
.001167 
.001333 
.001383 
.001433 
. 001500 
. 001517 
.001567 
.001750 


.  003817 
.004533 
.004083 
.005550 
.006083 
.007017 
.007483 
.008650 


.000467 
.010233 
.  011317 
.  011867 


.  013317 

.014600 

.0150K3 

.016133 

.017933 

.020100 

.021983 

.024383 

.026750 

.0283 

.0317 

.0350 

.0383 

.0433 

.0467 

.0533 

.0617 

.0717 

.0850 

.1167 


SncoeasiTe  i 
elooeation  ' 
-per inch,   i 


Perxnaneni 
Bet 


InOi. 


.000117 
.000150 
.000150 
.000188 
.000133 
.000167 
.000150 
.000167 
.  000166 
.000050 
.000050 
.000067 
. 000017 
.000050 
«  000183 
.001583 
.000524 
.000716 
.000450 
.000567 
.000533 
.000934 
.000466 
.001167 
.000583 
.000234 
.000766 
.001084 
.000550 
.000816 
.000634 
.001283 
.000483 
.001050 
.001800 
.002167 
.001883 
.002300 
.002467 
.001550 
.0034 
.0033 
.0033 
.0050 
.0034 
.0066 
.0084 
.0100 
.0133 
.0317 


JfMA. 


—.000017 
— .  000017 
—.000017 
—.000017 
—.000017 
—.000017 

0. 

0. 


SnccesaiTe 

permanent 

set. 


Ineh. 


—.000017 
0. 
0. 
0. 
0. 
0. 

.000017 
0. 


.000100 


.009367 


.013283 


.000100 


.002933 


.003300 


.008034 


.003916 


.010050 


Remarks. 


Initii^load. 


Elastic  limit. 


Adcrometer  removed. 


Xntlmato  stren^rth. 
Load  at  time  of  fraot* 
ure. 


General  summary. 

Tensile  streoKth  per  sqaare  Inch  of  orleinal  section pounds..        102,000 

EliMticiimit  per  sqaare  inch  of  originalsection , do 50,000 

Elongation  per  incn  after  rapture inch..      0.178 

Elongation  per  Inch  under  strain  at  elastic  limit do 001667 

Seduction  in  diameter  at  point  of  rupture 114 

Eeduotion  in  area  after  rupture, per  centum  of  original  section 36.4 

Position  of  rupture 11"  firom  neck 

•Character  of  broken  surfSaoe granular,  radiating  from  «moky  spot  at  center. 

S.  Ex.  36 ^23 
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No.  109. 

Tension  test 

Marks  on  bar,  M.  Bsxt — ^* 

Lengtb,  6". 

Diameter,  ".564. 

Sectional  area,  .25  square  jnch. 


AppUedloadt. 

Snoceasive 

Permanent 
set 

Saoc688ire 

Remarks. 

1 

1 

i 

»«"-•    i'^^nX" 

per  inch.   ,  perlnch. 

i 

permanent 
Inch. 

Pound:  '    Poundt. 

260    1          1,000 

1,250    1        ^.000 

2, 600             10, 000 

8, 750            15, 000 

5,000            20.000 

fl.  250            25, 000 

7, 500            30, 000 

8,750            35.000 

10. 000            40.  000 

11.250    1        45.000 

12,500    ;        50,000 

12,750    '        51.000 

13,000    ,        52.000 

'     13  250    1        53.000 

Inch. 
0. 

Inch, 

Ineh. 

.000088 
.  000188 
.000338 
.000450 
. 000588 
.000750 
.000916 
.001100 
.001250 
.001467 
.0015M) 
.0016X3 

AillKMA 

.000033 
.000150 
.000150 
.000117 
.000133 
.000167 
.000166 
.000184 
.000150 
.000217 
.000083 

1 

—  .000017 

—  .000017 

—  .  000O83 

—  .  000033 
-.000088 

—  .000050 

—  .000050 

—  .000060 
0. 

—  .000017 

a 

—  .000016 
0. 

0. 

—  .000017 
0. 

0. 
.000060 

Elaatio  limit. 

.000133 
.  000200 
.000850 
.000500 
.000500 
.000500 
.000667 
.000567 



1     13,500              54.000     1       .002783 

13,750 
14,000 
14.250 
14,500 
14,750 
15,000 
15  250 

55.000 
56.000 
57.000 
58,000 
59.000 
60,000 
81  Aon 

.003233 

.003733 

. 004233 

.004900 

.005467 

.0062K3 

.006833 

.007538 

.008100 

.009067 

.009433 

.010817 

.010867 

.011817 

.012550 

.018350 

.015067 

.016988 

.018900 

.020988 

.022988 

.0250 

.0288 

.0317 

.0850 

.0867 

.0417 

.0450 

.0500 

.0550 

.0660 

.0767 

.0963 

.1288 

.001383 

.001383 

Micrometer  remoTcd. 

intimate  strength. 
Loadattimeoffnet- 
ure. 

.  000816 

.000.550 

.000700 

.000567 

.000967 

.000366 

.000884 

.000550 

.000050 

.000733 

.000800 

.001717 

.001866 

.001967 

.002083' 

.002000 

.002017 

.0033 

.0034 

.0038 

.0017 

.0050 

.0033 

.0050 

.0050 

.0100 

.0117 

.0216 

.0260 

.004100 

.002717 

15,500    i        62i666 
15.750    t        63,000 
16  000     1         A4  ftOfl 

18.250 
18.500 
16,750 
17,000 
17.250 
17,500 
18,000 
18,500 
19.000 
19,500 
20.000 
20,500 
21.000 
21,500 
22,000 
22.500 
23,000 
23.500 
24,000 
24,500 
25.000 
25,500 
26,000 
26,300 
28,800 

65.000 
66,000 
67.000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80.000 
82,000 
84,000 

90,000 
92,000 
94,000 
96,000 
98.000 
100,000 
102,000 
104,000 
106,200 

.006917 

.002817 

.010617 

.008600 

.019667 

.009060 

General  eummarjf. 

Tensile  ttrength  per  square  inch  of  orifrtnalaection poonds. 

Xlastfc  limit  per  sqnare  Inch  of  original  section do. 

—  ■  InAi^ 


Elongation  per  inon  after  mptnre  .inch 

Xiotijratlon  per  Inch  nnderstrsln  at  elastic  limit do... 

Soil  notion  in  diamet«r  at  point  of  rapture do . . . 

Brdnotlon  in  area  after  rapture,  per  centnm  of  original  section 

Position  of  rupture 1''.2  from  nedk. 

Oharacter  of  broken  surfkoe granular,  radiating  from  smoky  spot  at  center. 


106,  M^ 
50.000 
0.167 
.OOIMT 
.114 
86.4 
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Under  the  higher  loads  the  stretch  of  the  metal  was  irregalar  iu  dif- 
ferent sections,  making  itself  manifest  by  con  vexing  the  sides  of  the 
bar  at  different  places  along  its  length.  The  position  of  the  point  of 
maximum  convexity  was  observed  to  change  as  the  loads  advanced. 

General  eummary. 

(Section  A.) 

Tensile  strength  per  square  inch  of  original  section ponnds..  7jL  180 

Elastic  limit  per  square  inch  of  original  section do ....  41, 000 

Elongation  per  inch  after  rapture  inch..    0.142 

Elongation  per  inch  under  strain  atelastio  limit do 001370 

I>lmt>nsions  at  point  of  rupture,  2".06xl".02= square  inches..    2. 10 

Beduotionin  area  after  rupture,  per  tentum  of  original  section 40.3 

Position  of  rupture 2  iuches  f  rom  end  H.  Be.  x.  s— S 

Character  of  broken  surface ^^^^  ^^  ^^®  center,  gradually  changing  to  granular  at  the  edges. 

The  granular  metal  radiates  ftom  the  center  of  the  bar. 

(Section  B.) 

Elastic  limit  per  square  inch  of  original  section ^pounds..  42.000 

Elongation  per  inch  under  strain  at  elastic  limit inch..    0.001430 

(Section  C.) 

Elastic  limit  per  square  inch  of  original  section pounds..  42.000 

Elongation  per  incn  under  strain  at  ehMtic  limit inch..    0.001418 

Sectional  areas  and  ordinates  measured  every  5  inches  along  the  length 
of  the  bar,  after  it  had  been  strained  with  46,000  ponnds  per  square  inch 
and  released  to  zero  load. 

AREAS. 

End  areas  taken  |  inch  from  cnrre  of  neoka. 


Thickness. 

1 

Width. 

Sectional 
area. 

Contraction. 

Indside 

Outside 

of  area.    1 

edge. 

edge. 

InthM. 

Ineh. 

Ineh. 

8q,Inehs9. 

PereenL 

2.782 

1.467 

1.467 

4w08 

1.4 

EndM.Bi.x.f-6. 

2.786 

1.472 

1.472 

4.10 

1.0 

2.788 

1.471 

1.471 

4.10 

1.0  • 

A  801 

1.476 

1.478 

4.14 

0.0 

2.705 

1.472 

1.477 

4.12 

0.6 

2.786 

1.472 

1.470 

4.10 

1.0 

2.784 

1.471 

L472 

4.10 

1.0 

EndM.BK.x.f-5. 

ORDINATES. 

Base  line  parallel  to  edge  of  bar,  beginning  ^  inch  from  neck  at  each 
end.    Pins  readings  indicate  convexity,  minas  readings  concavity. 


UneD. 
lineE. 
Line  F  . 
Line  Q . 
Line  H . 
Linel.. 
LloeK 
LineL  . 


Inch. 

1        0 

+.0010 

;    0 

-.0010 

,        0 

+.0100 

0 

+.0084 

0 

— . 0025 

0 

+.0050 

0 

—.0040 

0 

—.0048 

Iiuh. 
+.0134 
+.0120 
+.  0075 
+.0060 
—.0122 
—.0046 
—.0011 
—.0008 


IlMh. 

+.0358 
+.0337 
+.0084 
+.0072 
—.0185 
-.0130 
+.0050 
+.0060  I 


Ineh.       \ 
+.0280  - 
+.0250 
+.0060 
+.0074 
—.0180  I 
—.0124 
+.0016  , 
f 


Inok. 
+.0050 
+.0026 
+.0040 
+.0008 
-.0050 
—.0012 
—.0009 
0 


360      TESTS   OP   lEON   AND   STEEL   AND   OTHEB  MATEBIAIjS. 


d 


I 


3 


«ti« 


a 


§ 


« 

a 


M 


d 
S 


TO     J^ 

S  OP 

O    t4  iH 

I  a '5 

4)  -d 


OS 


OQH' 


bo 

0) 


TESTS   OF  IRON  AND   STEEL   AND   OTHER  MATERIALS.      361 


I      I 
J     J9 


I 

i  1 

ml 

J*^   s 


IssI 


lliili 


liiil 


UUi 


ssaessf 


iiiil§BiSii^iSiii§§ 

■  ooQpooocoBo&ocfto^aBooSQODoooDO 
»ooeooeecoSoooooe90 


§  § 


iiiiiiii^ii^ii^ips^ 

issiiiiisiiilisisiSs 


§§isil§si  li 


>oooooooooeoo 


ssss 

ill! 


iiiliil 


lliiliiiissss 


oSSoSooSo  SSSsSoSSooooooooooSo 


iiiiiiiii  11111111111111111111 
iiiiiisirsiiiiigigiiiiiii? 


_  00 

>0  Oi-i 


SS£^^S'|S§  ii'^SW§'§gs¥Si§sSgSg'i' 


iiiiiiiiiii 


SSSo-| 

iiii 


SSsig§SS2S§SSi 

-  —  —  WQiMCI'MNr-  —  —  ^ 
>OOOOOOOOOOOC 


iiiiiiiii§ii§§iii§§ 

"S'2'a"S"S!?5!fSS'8'«''s"!S88'8'Sf 


62   TESTS  OP  IRON  AND  STEEL  AND  OTHER  MATERIALS. 


i 


I 


i     »      I 


-3  *» 


S  ?  fl  * 

3  •  $  2 
CO     ».• 


sJ-3 


liiil 


|8       I    . 

lit  II 


It 


10    -3     g. 


Ui 

«    8. 


1^ 


St 


S  >  aoJB 


liii! 


Mil 


lliii! 


iui 


2  c  — 


§.  w 


llllllllllll 


i^lgg 


TESTS   OP   IRON  AND   STEEL   AND   OTHER   MATERIALS.      363 

The  behavior  of  this  bar  when  the  maximam  load  was  nearly  reached 
was  similar  to  that  of  the  retempered  bars,  Nos.  Ill  and  112,  in  the 
vicinity  of  their  elastic  limit,  i.  6.,  the  bar  would  show  a  falling  off  of  the 
load  sustained  during  the  time  the  metal  continued  to  stretch. 

General  summary, 

(SMdon  A.) 

Tensile  utrength  per  sqiiATe  inch  of  original  section pounds..       01,070 

Blastic  limit  per  sooare  inch  of  origtnal  section do    ..        17,000 

Elongation  perinon  after  rapture  inch..      .166 

Elongation  per  in»h  under  strain  at  elastic  limit do. . .      .  001568 

Dimensions  at  point  of  rupture,  2".15Xi".08 square  inch..    2.822 

Eeduction  in  area  after  rupture,  per  centum  of  original  section..., 42.4 

Position  of  rupture 0"  f^m  neck  at  end  M.  B»u  —5 

Chftraoter  of  broken  surface granular,  radiating  ttom  a  dull  smoky  spot  ^'.40  in  diameter  at  the 

center  of  the  bar. 

(Section  B.) 

Blsstic  limit  per  square  inch  of  original  section pounds..    60,000 

Elongation  per  incn  under  strain  at  elastic  Umit inch..  .001810 

(Section  C.) 

Elastic  limit  per  square  inch  of  original  section pounds..    60,000 

Elongation  perinon  under  strain  at  elastic  limit . inch..  .001680 
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No.  314. 

T 

Tension  test 
Marks  on  bar,  «•■«•» 
Length,  6''. 
Diameter,  ''.564. 
Sectional  area,  .25  square  inch. 


Applied  loftdt. 

SuocMtiTe 
eloDgation 
per  Inch. 

PermMient 
■et. 

SaoceaalTe 
■et. 

Bemarks. 

Total. 

Per  Bonare 

j&ioQsanoii 
per  mob. 

Powndt. 
250 
<  1.250 
2,500 
3,760 
6,000 
6,250 
7,600 
8,750 
10,000 
10,250 
10,500 
10,750 
11,000 
11,250 
11,500 
11. 750 
12,000 
12,250 
12,500 
12.750 
13.000 
18,250 
13,500 
13,750 
14,000 
14,250 
14,500 
14,750 
15,000 
16.250 
16,500 
15.750 
16.000 
16,250 
16.500 
16,750 
17,000 
17,250 
17,500 
18,000 
18,500 
19,000 
19,500 
20,000 
20,500 
21,000 
21,500 
22,000 
22.500 
23.000 
23,500 
24.000 
24,500 
25,000 
25.600 
26,000 

Pounds. 
1,000 
6,000 
10,000 
16.000 
20,000 
25^000 
30,000 
35,000 
40,000 
41.000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
56,000 
56,000 
57,000 
58.000 
50,000 
60,000 
61,000 
62,000 
63,000 
64.000 
66,000 
66,000 
67,000 
68,000 
69,000 
70,000 
72,000 
,  74,000 
'  76.000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104,000 

Ineh, 
0. 

.000133 
.000300 
.000467 
.000617 
.000767 
.000983 
.001100 
.001267 
.001267 
.001300 
.001350 
.001383 
. 001417 
.001450 
.001483 
.001533 
.001550 
.001600 
.001633 
.001667 
.001700 
.001733 
.001767 
.001850 
.001883 
.001950 
.002067 
.002283 
.002017 
.008838 
.004160 
.005667 
.006267 
.006467 
.006717 
.007138 
.008217 
.008888 
.010267 
.012117 
.013767 
.  015283 
.016817 
.018833 
.020950 
.022583 
.024967 
.027450 
.020967 
.033333 
.036333 
.039833 
.044567 
.0500 
.0588 

InOu 

0. 

.000133 
.000167 
.000167 
.000150 
.000150 
.000166 
.000167 
.000167 

0. 

.000033 
.000450 
.000033 
.000034 
.000083 
.000033 
.000050 
.000017 
.000050 
.000033 
.000034 
.000033 
.000033 
.000084 
.000083 
.000038 
.000067 
.000117 
.000216 
.000634 
.000916 
.000317 
.001517 
.000600 
.000200 
.000250 
.000416 
.001084 
.000666 
.001884 
.001850 
.001650 
.001516 
.001534 
.002016 
.002117 
.001633 
.002384 
.002483 
.002517 
.003366 
.003000 
.003500 
.004734 
.005433 
.0083 

Inch. 

0. 

0. 

.000017 
.000017 
.000033 
.000060 
.000050 
.000067 
.000067 

Inch, 
0. 

'".*oo6oi7"' 

0. 

.000016 
.000017 

a 

.000017 
0. 

Initial  load. 

• 
ElasUo  limit: 

.000083 

.000016 

.000100 

.000017 

.000117 

.000017 

.000417 

.000800 

.008900 

.008488 

.006233 

.002888 

..,.., 
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AppUed  loads. 

EIoD^atioD 
per  incli. 

Sncoesaive 
elonffation 
perlnch. 

Permanent '^°*'''**^^! 
set?        permanent 

TotaL 

Per  square 
inch. 

Bemarks. 

Poundt. 
28.500 
27,000 
27,240 
24,000 

Pounds.          Inch. 
106. 000          .  0787 
108,000    1      .0887 
108,000    j      .1117 

Ineh. 
.0184 
.0100 
.0250 

JneK.            Inch. 



Ultimate  strength.    ' 

::::::::::::::::::::::: 

Load    at    tiiae    of  ' 

:      1      ! 

rapture.                     ! 

General  summary. 


Tensile  strength  per  square  inch  of  orieinal  section ponnda.. 

Blastio  limit  per  square  inch  of  original  section do 

Elongation  per  fnch  after  rupture  inch.. 


108,080 
511,  €0» 
1317 
OQU60 


Elongation  per  inch  under  strain  at  elastic  limit do...  ^ 

Kednction  in  diameter  at  point  of  rupture Ii4 

Reduction  in  area  after  rupture,  per  centum  of  original  section 36w4 

Position  of  rupture ".60  fSromfodek. 

Character  of  broken  surface granular  80  per  cent,  dull  center  40  per  oeot 

Elongation  of  inch  sections ".12    ".11    'MO    'MO    ".11    (".25  fractured  seotionj. 


No.  315. 

Tension  test. 
Marks  on  bar,  ■••  g"*'  • 

Leugth,  6". 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


,  Per  square 
I      inch. 


Elongation 
per  inch. 


Successive 
elongation 
perlnch. 


Permanent 
set. 


Succesaiye 

permanent 

set 


Bemarka. 


Pounds. 
250 
1.230 
2,600 
8,750 
5,000 
6.250 
7,500 
8.760 
10.000 
10,260 
10,600 
10.760 
11,U00 
11.250 
11,500 
11.750 
12.000 
12.250 
12,500 
12,750 
13.000 
13,250 
13,500 
13,750 
14,000 
14,250 
14,500 
14,750 
15,000 
15.250 
15,500 
15.750 
16.000 
16,250 


Pounds. 
1,000 
5,000 
10.000 
15,000 
20,000 
25.000 
80,000 
85,000 
40,000 
41,000 
42,000 
43,000 
44.000 
45.000 
46.000 
47,000 
48.000 
49.000 
50,000 
51.000 
52,000 
63,000 
54,000 
55,000 
68,000 
57,000 
58,000 
58,000 
80,000 
81,000 
82.000 
63,000 
84,000 
85,000 


Ineh. 
0. 

.000117 
.000383 
.000450 
.000617 
.000783 
.000983 
.  001050 
.001217 
.  001267 
.001300 
.  001333 
.001887 
.001400 
.001487 
.001500 
.001533 
.001567 
.001600 
.  001633 
.001687 
.001700 
.001750 
.  001817 
.001900 
.002033 
.002933 
.003567 
.004400 
.004783 
.005387 
.006033 
.006733 
.007588 


Ineh. 
0. 

.000117 
.000118 
.  000117 
.000167 
.000116 
.000200 
.000117 
.000167 
.000050 
.000033 
.000088 
.000034 
.000038 
.000087 
.000083 
.000033 
.000034 
.000033 
.000033 
.000034 
.000083 
.000050 
.000087 
.000083 
.000183 
.000900 
.000834 
.000833 


.000584 
.000688 
.000700 
.000800 


Ineh, 

0. 

0. 

0. 

0. 

.000017 
.000017 
.000033 
.000050 


Ineh, 


Initialload. 


.000017 


.000018 
.000017 


.000087 


.000017 


.000083 


.000016 


.000150 


.000087 


Elastic  limit. 


.002300 


.002150 


.005188 
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per  Inch.   ,  j^/^^^i. 


Inch 

.000000 

.000567 

.000100 

.001400 

.001100 

.  001317 

.001350 

.001900 

.ooaoiQ 

.001083 
.002084 
.002033 
.002117 
.002716 
.002067 
.003050 
.003483 
.004417 
.006217 


.0125 
.0133 
.0250 
.0200 


Permanent 


Inch, 


SaooesAive 
permuient 
!        set. 


Ineh, 


.008617 


.003484 


Remark!. 


Micrometer 
moved. 


Ultimate  strenfftb. 
Load  at  time  of  mix- 
ture. 


General  summary, 

TesBile  strenjirtb  p^  square  inch  of  original  section pounds. 

Elastic  limit  per  square  inch  of  original  ifection do  .. 

Slongation  per  incn  afttir  rapture inch . 

Elongation  per  inch  under  strain  at  elastic  limit  do . . 

Reduction  in  diameter  at  point  of  rupture do 


106,440 
64.000 
.1683 
.001750 
.114 


Position  of  rapture V'  flrom  middle  of  stem 

Character  of  broken  surfSsce dull  spongy,  interspersed  with  fine  granuls  '^  — 

Elongation  of  inch  sections ".12,  'MS.  ".19  (".32  fi«ctared  section),  ".13. 


lulation 
,07 


No.  316. 
Tension  test. 


Marks  on  bar,  "•  ?f  *  *• 

Length,  6''.00. 

Diameter,  '^564. 

Sectional  area,  .25  square  inch . 


Applied  loads. 


Total. 


incn 


Elongation 
per  inch. 


Successive 
elongation 
per  Inch. 


I 
Permanent  i 
set 


Successive 
permanent 


Remarks. 


Poundf. 

250 

1,250 

2,500 

3,750 

5.000 

6,250 

7,600 

8»760 

10,000 

10,250 

10,500 

10,750 

11.000 


Pounds. 
1.000 
5,000 
10.000 
15,000 
20,000 
25.000 
80.000 
85,000 
40,000 
41,000 
42,000 
43,000 
44,000 


I  a 


Inok, 

.000183 
.000267 
.000417 
.000567 
.000717 


.001088 
.001200 
.  001217 
.001250 
.001288 
.  001817 


Ifuik. 
0. 

.000188 
.000134 
.000150 
.000150 
.000150 
.000160 
.000166 
.000167 
.000917 
.000088 
.000088 


IfUih, 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
t. 


Inoh. 


Initial  load. 
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EloDsation 
perTnch. 

SaoooMive 
perinoh. 

Pormanent 

set. 

SaocesaiTe 
permanent 

aet. 

Remarka. 

Total. 

Persoaare 
ioon. 

46,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51.000 
62,000 
63,000 
54,000 
56,000 
56,000 
67,000 
68,000 
69.000 
80,000 
61,000 
62,000 
63,000 
64,000 
65.000 
66,000 
67,000 
88,000 
69.000 
70.000 
72,000 
74. 000 
76,000 
78.000 
80.000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94.000 
96,000 
98,000 
100,000 
102,000 

Poundt. 
11,250 
11,500 
11,760 
12,000 
12,250 
12,600 
12,760  . 
13,000 
13,250 
13,500 
18.750 
14.000 
14,250 
14.500 
14,760 
16,000 
15,260 
15,500 
16,750 
18,000 
17,250 
16,500 
16,750 
17.000 
17.250 
17,600 
18,000 
18,500 
19.000 
19.500 
20.000 
20,500 
21,000 
21,500 
22, 000 
22,500 
28.000 
23,600 
24,000 
24.500 
26.000 
25.500 
23,000 

Ineh, 

.001860 

.001400 

.801483 

.001467 

.001617 

.001688 

.001660 

.001960 

.003917 

.004688 

.006088 

.005717 

.008167 

.006917 

.007617 

.008883 

.000083 

.009717 

.010283 

.011217 

.011950 

.012588 

.013267 

.  014083 

.014900 

.016367 

.017867 

.  019850 

.021900 

.023983 

.026360 

.029000 

.  031333 

.  034617 

.030033 

.042117 

.047683 

.052987 

.0617 

.0717 

.0883 

.1238 

Ineh, 

.000088 

.000060 

.000033 

.000084 

.000060 

.000068 

.000067 

.000300 

! 001997 

.000716 

.000450 

.000634 

.000460 

.000750 

.000600 

.001118 

.000460 

.000634 

.000668 

.000034 

.000733 

.000633 

.000684 

.000818 

.000817 

.  001487 

.  001500 

.001983 

.002050 

.002083 

.002367 

.002650 

.  002333 

.003284 

.004418 

.003084 

.006666 

.005284 

.008733 

.0100 

.0166 

.0360 

Inch, 
.000017 

Ineh. 
.000017 

Slaatio  limit. 

.000190 

.000088 

.008100 

.003000 

.006350 

.003260 

.009433 

.003083 

jt.. 

.013467 

.004034 

Micrometer  removed. 

Ultimate  strength. 
Load  at  time  of  rapt- 
ure. 

General  9ummary. 

Tensile  strength  per  square  ineb  of  original  section poonds..       103,000 

Elastic  limit  per  square  inoli  of  original  section .do 61,000 

Elongation  per  incn  after  rupture inch . .  0. 17 

Elongation  per  inch  understrain  at  elastic  limit do 0014BO 

Beduction  In  diameter  at  point  of  rupture 1234 

Reduction  in  area  after  rupture,  per  centum  of  original  section 39.2 

Position  of  rupture. at  middle  of  stem 

Character  of  broken  surface dull  spongy,  interspersed  with  fine  granulation 

Elongation  of  inch  sections ".  10  ^  15  (".30  fractured  section)  ".  22  'M4  "11 
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No.  376. 

CompresHon  test. 
Marks  on  bar,  m- bkj 
Length,  8''.96. 
Diameter,  l'M29. 
Sectional  area,  1  square  inch. 

Compression  measurement  not  taken,  the  length  of  specimen  not 
admitting  the  application  of  the  micrometer. 


Applied  loftds. 

CompreB' 

sionper 

incL 

SaoceeslTe 
compret- 

Permiment 
set 

Sncoesslve 
set. 

Remarks. 

Total. 

Persqoare 

Povndt. 
63,000 

70,000 

81,260 

Poundt. 
62,000 

70.000 

81,280 

Inek. 

Ineh, 

JmA. 

Inck. 

Perceptible  defleo- 

tion: 
Middle  deflection. 

".15. 
Middle  deflection, 

''.25;      nltimate 

strength. 

Failed  by  triple  flexare. 
S.Ex.85 ^24 


JToop  SB:t. 


JftoZZedL 


SEx3549l 


TESTS   OP   IRON   AND   STEEL   AND   OTHER   MATERIALS. 

No.  304. 

Terman  test 
Marka  on  bar,  "^j** 
Leosrth,  6^'. 
Diameter,  ".561. 
Sectiooal  area,  .247  sqnare  inch. 
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AppU«d  loada. 

p«r Inch. 

Sooceseive 
elonntioB 
per  inch. 

Pernuuient 
set. 

SoooeMiTe 

Remarks. 

Total. 

Per  Miuhre 
inch. 

Poundt, 
247 
1,236 
2,470 
8,705 
4^940 
6,175 
7,410 
8.645 
9,880 
10,127 
10,374 
10,621 
10,868 
11, 115 
11,362 
11,609 
11,856 
12,103 
12,350 
12,597 
12.844 
13.091 
18,338 
13,585 
13,882 
14,079 
14.826 
14,573 
14.820 
15,067 
15,314 
15,561 
15.808 
16,055 
16,302 
16.549 
16.799 
17.04» 
17,29(> 
17,887 
17,784 
18,081 
18,278 
18,526 
18.772 
19,019 
19.266 
19,513 
19.760 
20.254 
20.748 
21,242 
21.736 
22,280 
22,724 
23.218 
23,712 
24.206 
24,700 
25,194 
25.688 
26.182 
26,676 
27,170 

Poundt. 
1.000 
5,000 
10,000 
15.000 
20,000 
25,000 
30,000 
35.000 
40,000 
41,000 
42,000 
43.000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50.006 
51,000 
62,000 
53.000 
54.000 
55,000 
56.000 
57,000 
58.000 
69,000 
60.000 
61.000 
62,000 
63.000 
64.000 
65.000 
66,000 
67.000 
68.000 
09.000 
70,000 
71.000 
72,000 
73,000 
74,000 
75.000 
76,000 
77,000 
78,000 
79,000 
80.000 
82,000 
84,000 
86.000 
88.000 
90.000 
02.000 
94,000 
96,000 
98.000 
100.000 
102,000 
104.000 
106.000 
108, 000 
110,000 

Inch, 
0. 

.000083 
.000217 
.000883 
.000517 
.000667 
.000638 
.000967 
. 001117 
.001150 
.001167 
.001183 
.001200 
.001283 
.001267 
.001800 
.001888 
.001388 
.001417 
.001438 
.001467 
.001488 
.001567 
.001583 
.001600 
.001617 
.001650 
.001683 
.001717 
.  001767 
.001800 
.001833 
.001883 
. 001917 
.001933 
.001983 
.002000 
.002067 
.002083 
.002117 
.002167 
.002233 
.002833 
.004250 
.005050 
.006900 
.006783 
.007883 

.oosn? 

.010150 

.011933 

.  013483 

.015783 

.017650 

.019317 

.021838 

.0233 

.0250 

.0383 

.0317 

.0350 

.0375 

.0433 

.0488 

Inch. 
0. 

.000088 
.000184 
.000166 
.000134 
.000150 
.000166 
.000134 
.000150 
.000083 
.000017 
.000016 
.000017 
.000083 
.000034 
.000033 
.000083 
.000050 
.000084 
.000016 
.000034 
.000016 
.000084 
.000016 
.000017 
.000017 
.000033 
.000083 
.000034 
.000050 
.000033 
.000033 
.000050 
.000034 
.000016 
.000050 
.000017 
.000067 
.000016 
.000034 
.000050 
.000066 
.000600 
.001417 
.000800 
.000850 
.000883 
.001050 
.000884 
.001433 
.001783 
.001550 

Inch, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Indi, 
0. 

Initial  load. 

• 

Elastio  limit. 

Mioromeier  re- 
moved. 

• 

0- 

0. 



0. 

. 

, 

.000017    \      .000017 

.ooooi?   j  0. 

t 

.000017 

0. 

.001800 

.001788 

.005888 

.004088 

.002300 

.001767 

.001767 

.002516 

.001467 

.0017 

.«033 

.0034 

.0033 

.0025 

.0058 

.0050 

¥'• 
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Applied  loads. 

Successive 

Saooessire 

Total. 

Per  sonare 
inch. 

1 

permanent 
set. 

Remarks.          1 

PoundM. 
27,664 
28,158 
28,652 
28,790 
29,000 
24,700 

Poundt. 
112,000 
114.000 
116,000 
116,560 
117,410 

Inch. 
.0560 
.0650 
.0800 
.0917 
.1117 

Inch. 
.0067 
.0100 
.0150 
.0117 
.0200 

Iwsh. 

j««». 

Ultimate  strength. 
Load   at    time  of 
rupture. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..       117,410 

Blasticlimit  per  square  inch  of  original  section do....         72,000 

Elongation  per  incn  after  rupture inch..      0.145 

Elongation  per  inch  under  strain  at  elastic  limit do  ...       .002187 

Beduotion  in  diameter  at  point  of  ruptnre do...       .141 

Beduotion  in  area  after  rupture,  per  centum  of  original  section 48.7 

Position  of  rupture l|"fromneek 

Character  of  hroken  surface silky,  interspersed  with  fine  granulation 

Elongation  of  inch  sections ".10,  'Ml.  'M2,  'MO  (".30  ftaotured  section),  ".14 

No.  305. 

Tension  test 
Marks  on  bar,  •'•,"•1 
LeAgth,  6". 
Diameter,  ".661. 
Sectional  area,  .247  square  inch. 


AppUed  loads. 

Elongation 
per  inch. 

Sucoessive 
elongation 
perlnch. 

Permanent 
set. 

Suooessive 

Total. 

Per  sonare 

Bemarks. 

Poundt. 

247 

1,285 

2,470 

8.705 

4,940 

6,175 

7,410 

8.645 

9.880 

10,127 

10,874 

10,621 

10.868 

11,115 

11,862 

11,609 

11.856 

12. 103 

12,350 

12,597 

12,844 

13,091 

13,838 

13,585 

13,832 

14,079 

14,826 

14. 573 

14.820 

15,067 

15.314 

15.561 

Poundt. 
1,000 
5.000 
10.000 
15,000 
20,000 
25,000 
80,000. 
85,000 
40,000 
41,000 
42,000 
43,000 
44,000 
4.\000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55.000 
56.000 
67,000 
58,000 
69.000 
60,000 
61.000 
62,000 
63,000 

Ineh. 

0. 

.000133 
.000288 
.000417 
.000550 
.000700 
.000867 
.001017 
.001188 
.001200 
.  001217 
.001260 
.001283 
.  001317 
.001350 
.001388 
. 001417 
.001460 
.001483 
.  001517 
.  001550 
.001583 
.001617 
.001650 
.001683 
.001700 

•  .001733 
.001767 
.001800 
.001867 
.001900 
.001983 

Ineh. 

0. 

.000188 
.000150 
.000184 
.000133 
.000150 
.000167 
.000150 
.000166 
.000017 
.000017 
.000033 
.000033 
.000084 
.000033 
.000033 
.000034 
.000038 
.000033 
.000034 
.000033 
.000033 
.000034 
.000033 
.000033 

Inch. 

0. 

0. 

Oi 

0. 

0. 

0. 

0. 

0. 

0. 

Ineh, 
0. 

Initial  load. 

.000083 

.000088 

.000033 

0. 

.000050 

.000017 

.000017 
.000033 
.000034 
.000033 
.000067 
.000033 
.000033 

1 

.000067 

.000017 

i 
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Applied  loads. 


TotaL 


Pounda. 
15.806 
16,055 
16,802 
16,549 
16.796 
17,043 
17,290 
17,537 
17,784 
is;  031 
18,278 
18,525 
18,772 
19, 019 
19,266 
19,513 
19,760 
20,254 
20,748 
21.242 
21.736 
22,230 
22.724 
23,218 
23,712 
24,206 
24,700 
25.104 
25,688 
26,182 
26,676 
27,170 
27.064 
28,158 
28.652 
29,100 
24,800 


Per  sqiiAre 
I       incn. 


Pounds, 
64,000 
65,000 

'  66,000 
67,000 
68,000 
69.000 
70,000 
71.000 
72,000 
78.000 
74,000 
75,000 

mooo 

77,000 
78,000 
79,000 
80.000 
82,000 
84,000 
86,000 
88,000 
90,000 
92.000 
94.000 
96,000 
98,000 
100,000 
102,000 
104,000 
106,000 
108,000 
110, 000 
112,  OOU 
114,000 
116. 000 
117, 810 


Klonfnttion 
per  mob. 


Inch. 

.001967 

.002000 

.002017 

.002050 


.002117 
.0U2167 
.002200 
.002250 
.002350 
.002983 
.004300 


.006050 

.006883 

.007750 

.008750 

.010233 

.011567 

.013667 

.015500 

.017450 

.019800 

.021450 

.0233 

.0250 

.0267 

.0300  . 

.0383 

.0383 

.0433 

.0483 

.0517 

.0583 

.0717 

.1083 


Sacoesrive 
elongation 
per  inch,  i 


Inch, 

.000034 

.000033 

.000017 

.000033 

.000033 

.000034 

.000050 

.000033 

.000050 

.000100 

.000583 

.001367 

.000983 

.006767 

.000033 

.000767 

.001000 

.001483 

.001834 

.002100 

.001838 

.001950 

.001850 

.002150 

.001850 

.0017 

.00J7 

.0033 

.0033 

.0050 

.0050 

.0050 

.0034 

.0066 

.0184 

.0366 


Permanent 


Inch. 


SnooeaaiTe 

permanent 

set. 


Remark!. 


/fi«A. 


.000083 


.000100 


.001833 


.000016 


.000017 


.001733 


.004050 


Elastio  limit. 


Hiorometer  re- 
mcTed. 


Ultimate  strength. 

Load   at    time   of 

rupture. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..      117,810 

Elastic  limit  per  souare  inch  of  original  section do. ..        72,000 

Elongation  per  incn  after  rupture inch . .    0. 1333 

Elongation  per  inch  under  strain  at  elastic  limit do...      .002250 

Bednctlon  in  diameter  at  point  of  rupture 141 

Beduction  in  area  after  rupture,  per  centum  of  original  section 43.7 

Position  of  rupture I'MO  from  neck. 

Character  of  broken  surface silkv,  Interspersed  with  fine  granulation. 

Elongation  of  inch  sections ".08,  ".08, ".  10,  ".10,  ".17  (".27  fh&ctured  section). 
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No.  306. 

Tension  test 
Marks  od  bar,  "'j^i. 
LeDgth,  3". 
Diameter,  ''.564. 
Sectional  area,  .25  square  inch. 


Appll» 
TotaL 

d  loads. 

Elongation 
per  Inch. 

SncoeBsiye 
elongation 
per  inch. 

Permanent 
set. 

SaccessiTO 

permanent 

set. 

Per  sonare 

Remarka. 

Pounds. 
250 
1,250 
2.500 
3,750 
5.000 
6.250 
7,500 
8,760 
10,000 
10,250 
10,500 
10,750 
11.000 
11,250 
11,500 
11,750 
12,000 
12,250 
12,500 
12,750 
13,000 
13.250 
13,500 
13,750 
14.000 
14.260 
14,500 
14,750 
15.000 
15,250 
15,600 
15.750 
16,000 
16,250 
16.500 
16,750 
17.000 
17,250 
17,600 
•      17, 750 
18,000 
18.250 
'     18.500 
18,750 
19,000 
19.250 
19,500 
19,750 
20.000 
20,500 
21,000 
21,600 
22,000 
22,600 
23,000 
23,500 
24,000 
24,600 
25,000 
25,600 
26.000 
26,500 
27.000 
27,500 

Pounds. 
1.000 
5,000 
10.000 
15,000 
20.000 
25.000 
30.000 
35.000 
40.000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
40,000 
50,000 
61,000 
52,000 
53,000 
64,000 
55,000 
56,000 
57.000 
58,000 
59.000 
60,000 
61.000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68.000 
69.000 
70,000 
71.000 
72,000 
78,000 
74,000 
76,000 
76,400 
77,000 
78,000 
79.000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
IOC.  000 
102,000 
104,000 
106,000 
108,000 
110,000 

0. 

.000100 
.000200 
.000333 
.000533 
.000667 
.000867 
.001100 
.001167 
.001167 
.001200 
.001233 
.001267 
.001300 
.001338 
. 001867 
.001400 
. 001433 
.001438 
.001467 
.001500 
.001633 
.001600 
.001667 
.001667 
.001700 
.001733 
.001767 
.001800 
.001867 
.001900 
. 001933 
.001967 
.002000 
.002100 
.002133 
. 002133 
.002167 
.002200 
.002200 

.002333 

.002767 

.004000 

.004867 

.005833 

.006833 

.  007.'i00 

.008700 

. 010200 

.011767 

.014033 

.015367 

.017800 

.019367 

.  020067 

.024000 

.025800 

.029600 

.0317 

.0333 

.0367 

.0433 

.0467 

Inch. 

0. 

.000100 
.000100 
.000133 
.000200 
.000134 
.000200 
.0OU133 
.000167 

0. 

.000033 
.000033 
.000034 
.  000033 
.000033 
.000034 
.000033 
.000033 

0. 
.000034 
.000033 
.00  033 
.000067 
.000067 

0. 
.000033 
.000033 
.000034 
.000033 
.000067 
.000033 
.000033 
.000034 
.000033 
.  000100 
.  000033 

0. 

.000034 
.000033 

0. 

.000067 
.000066 
.000434 
.001233 
.000867 
.000966 
.001000 
.000667 
.001200 
.001500 
.001507 

.001334 

.002433 

.C01567 

.000700 

.003933 

.001800 

.003800 

.0021 

.0016 

.0034 

.0066 

.0034 

Inch. 

I 

0. 
0. 
0. 
0. 
0. 
.000033 

Inch. 
0. 

Initial  lo*d. 

.000033 

.000033 

6. 

.000067 

.000034 

1 

f 

i 

.000067 

0. 

.000100 

.000033 

1 

.000100 

0. 

1 

1 

1 

.000188 

.000033 

1 

1..'.*.";" "." 

Elastic  limit.         1 

.001700 

.001667 

! 

j 

1 



1 

'  ".'005833'" 



"".mm 

1 

! 

":::::;;:::r::::: 

1 

1 

1 

:::::!!;;:::|;:  ":: 

1 

1 

1 

Micrometer    re-' 
moved. 

1 

1 

1 
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Applied  loads. 


TotaL 


Per  raaare 
InoD. 


Sloiintlon 
permoh. 


Saooenire 
eloDf^atioii 
per  inch. 


Permftnent 


SoeoeMive 
pennanent 

set. 


Bemarks. 


Paundt. 
28,000 
28,600 
29,000 
29.800 
24«800 


Poundt. 
112,000 
114,000 
116,000 
117,440 


.0588 


.1183 


Inch. 


.0100 
.0167 


Inch, 


Ultimatestrength. 
Load  at  time  of 
rapture. 


General  summary, 

-Spedflo  gravity 7.8G23 

Hardneea 2&51 

Tensile  atrength  per  square  inch  of  original  section pounds..      117,400 

Blastio  limit  per  square  inch  of  original  section do...       78,000 

Elongation  per  inch  after  rapture   inch..  0.17 

Xlongation  per  inch  under  strain  at  elastic  limit do...      .002388  - 

Seduotionin  diameter  at  point  of  rapture do...  .IM 

Beductiottin  area  after  rupture,  per  centum  of  original  section 47.2 

Position  of  rupture r'fromneek. 

Character  of  broken  surface silky,  interspersed  with  fine  granulation. 

Blengatien  of  inch  sections ".09,  ".14  (".28  fhMtured  section) . 

No.  307. 

Tension  test 
Marks  on  bar,  *V,"- 
Length,  3'^ 
Diameter,  ".561. 
Sectional  area,  .247  square  inch. 


Applied  loads. 


L 


Total. 


squn 
ucn. 


I  Elongation 
perlnch. 


incl 


Successive 
elongation 
perinoh. 


Permanent  Successive 
set  permanent  • 


Benuirks. 


Pounds. 

247 

1,285 

2,470 

3,706 

4,«40 

6,175 

7,410 

8,645 

«,880 

10,127 

10,874 

10,621 

10,868 

11, 115 

11,862 

11,619 

11,856 

12,103 

12,860 

12,597 

12,844 

18,091 

13,888 

18,565 

13,882 

14,070 

14,326 

14, 578 

14,820 

15,067 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
26,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52.000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59.000 
60,000 
61,000 


Ineh. 
0. 

.000000 
.000167 
.000300 
.000400 
.000600 
.000700 
.000900 
.000967 
.001067 
.001183 
.001167 
.001200 
.001288 
.001283 
.001267 
.001300 
.001800 
.001333 
.001833 
.001400 
.001433 
.001433 
.001467 
.  001600 
.001533 
.001567 
.001600 
.001683 
.001667 


Ineh. 

0. 

.000000 
.000167 
.000138 
.000100 
.000200 
.000100 
.000200 
.000067 

'  .000100 
.000066 
.000034 
.000033 
.000038 


Ineh. 

a 

—.000033 
—.000033 
—.000038 
—.000033 
—.000033 
—.000083 
—.000033 
—w  000038 


Ineh. 
0. 
.000083 


Initial  load. 


—.000033 


.000033 

0. 
.000088 

0. 

.000077 
.000033 

0. 

.000034 
.000033 
.000038 
.000034 
.000033  i 
.000033 
.000034 


—.000038 


—.000083 


.000088 
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AppUed  loads. 

Elongation 
per  inch. 

Sacoesaive 

^ 

SnoceaaiTe 

permanant 

aet. 

Bamarka. 

Total 

PerBooare 

Poundt. 
62,000 
63.000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
78,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
82.000 
84,000 
86,000 
88,000 
90.000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104,000 
106,000 
108,(00 
110,000 
112,000 
114,000 
116,000 
118,000 

iStt  ^'^""' 

Poundt. 
15, 814 
15,561 
15,808 
16,055 
16.302 
16.649 
16,796 
17,043 
17,290 
17.587 
17,784 
18,081 
18,278 
18,525 
18,772 
19, 019 
19.266 
19,618 
19,760 
20,264 
20,748 
21,242 
21,786 
22,280 
22,724 
28,218 
28,712 
24,206 
24,700 
2M90 
25,688 
26,182 
26,676 
27,170 
27.664 
28,158 
28,652 
29,146 
24,100 

Inch. 
.001700 
.001733 
.001767 
.001800 
.001867 
.001900 
.001933 
.001967 
.002000 
.002038 
.002067 
.002100 
.002300 
004800 
:004800 
.005600 
.006667 
.007500 
.008267 
.009867 
.011667 
.018767 
.015238 
.017833 
.019467 
.021600 
.023467 
.025500 
.028288 
.0338 
.0367 
.0400 
.0438 
.0488 
.0588 
.0667 
,0767 
.1133 

Ineh, 

.000038 

.000033 

.000034 

.000038 

.000067 

.000038 

.000033 

Ineh. 

Jneh. 

ElaaUe  Umit 

MioTometer  removed. 

intimate  atrenxtb. 
Load   at  time    of 
raptore. 

0. 

0. 

.000034 

.000038 

.000633 

.000034 

.000033 

.000200 

.002000 

.000500 

.000700 

.001067 

.000933 

.000767 

.001600 

.001800 

.002100 

.001466 

.002100 

.002184 

.002083 

.001967 

.002033 

.002733 

.005067 

.0084 

.0038 

.0088 

.0050 

.0050 

.0134 

.0100 

.0366 

.000033 

.000033 

.001967 

.001984 

.006438 

.008466 

1 

General  summary, 

Tenaile  atrength  per  sqnare  inch  of  original  aection ponnda..    118»00O 

Elaaticlimit  per  sauare  inch  of  original  section do....      78,000 

Elongation  per  incn  after  rupture inch...      0.1783 

Elongation  per  inch  under  strain  at  elastic  limit do 002100 

BednoUon  in  diameter  at  point  of  rupture i do .141 

Bedoction  in  area  after  rupture,  per  centum  of  original  section 43.7 

Position  of  rapture ".95  from  neck. 

Character  of  broken  anrface silky,  interspersed  with  fine  granulation. 

SJongation  of  inch  sections ".  09  ".13  (".  30  fractured  section). 


STEEL  FROM  TUBE  FOR  8"  B,  L.  RIFLE. 

[From  liidvale  Steel  Worka.] 
Explanation  ofmarke  on  specimenijram  S'*  tube. 


B.  T. — Breech  taDgential. 
B.  L. — Breech  longitadiDal. 
M.  T. — Muzzle  tangential. 
B.  B. — Breech  radial. 
M.  B. — Mnzzle  radial. 


S'6rtJC?iy  !Itz6& 


c^fcw&z/Z'e  ert^^ 


SEx35  49l 


TESTS   OF   IBON   AND   STEEL   AND   OTHER   MATERIALS. 

No.  123. 

Tension  test. 
Marks  on  bar,  M.  T.  i. 
Length,  3''. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 


377 


Applied  loads. 


SuccesBive 


Foundt. 

250 

1.260 

2,500 

8,750 

5.000 

6.250 

6,500 

6,750 

7,000 

7,250 

7,500 

7,750 

8,000 

8,250 

8,500 

8,760 

9.000 

0,250 

9,500 

0,750 

10.000 

10,250 

10,600 

10,750 

11,000 

11.250 

11,500 

11,750 

12,000 

12.250 

12,500 

12.750 

13,000 

13.250 

13,500 

13,750 

14,000 

14,250 

14.500 

14,750 

16,000 

15,600 

16,000 

16,500 

17,000 

17,500 

18,000 

18,500 

19,000 

10,600 

20,000 

20,600 

20,600 

18,600 


Per  sotubre 
inch. 


Pounds, 

Ineh. 

1,000 

0. 

6,000 

.000200 

10,000 

.000488 

15,000 

.000567 

20,000 

.000783 

25,000 

.000900 

26,000 

.000933 

27,000 

.000967 

28,000 

.001070 

29,060 

.001100 

80,000 

.001183 

31.000 

.001183 

82,000 

.001200 

33,000 

.001288 

84,000 

.001267 

35,000 

.001267 

36,000 

.001882 

37,000 

.001400 

38,000 

.  001483 

39,000 

.001500 

40.000 

.001533 

41,000 

.001667 

42,000 

.002100 

48,000 

.004967 

44,000 

.008900 

45,000 

.009633 

46.000 

.010400 

47.000 

.  011080 

48.000 

.012267 

49,000 

.018100 

50,000 

.  014400 

61,000 

.014900 

52,000 

.016067 

53,000 

.017067 

54,000 

.018767 

55.000 

.019800 

66.000 

.020867 

67,000 

.  022167 

58,000 

.023833 

50,000 

.024667 

60,000 

.  026733 

62,000 

.  030200 

64,000 

.034238 

66.000 

.038433 

68,000 

.042867 

70,000 

.049067 

72,000 

.0533 

74,000 

.0633 

76,000 

.0733 

78,000 

.0900 

80,000 

.1100 

82,000 

.1738 

82.400 

.2200 

Inch. 


.000200 
.000233 
.000184 
.000166 
.000167 
.000038 
.000084 
.000108 
.000030 
.000033 

0. 

.000067 
.000038 
.000034 

0. 

.000066 
.000067 
.000033 
.000067 
.000088 
.000034 


SocceasiTe 


PermMcni  permanent  I  Remarks. 


set 


Inch. 
0. 

.000000 
.000033 
.000067 
.000100 
.000133 


Ineh. 


I 


.000000 
.000033 
.000084 
.000088 
.000033 


.000183    0. 


.  000188    0. 


.002867 


. 001733 
.000767 
.000630 
.001237 


.001300 

.000500 

.001167 

.001000 

.  0017001 

.001033 

.001067 

.001800 

.001666 

.000834 

.002066 

.003467 

.  004033 

.004200 

.004434 

.006200 

.004233 

.0100 

.0100 

.0167 

.0200 

.0633 

.0467 


000283    .000100 


.008000 


.012434 


.007767 


.004433 


.017600 


.024267 


.  005177 


.006667 


.045083 


.021666 


Initial  load. 


Elastic  limit. 


Micrometer  removed, 


Ultimate  strength. 
Load  at  time  of 
fraotnre. 


Qeneral  summary, 

Speoiflo  gravity 7.8648 

dM4nes8 :....         10.9$ 

Tensile  strength  per  square  inch  of  oriffinal  seotion pounds..       82.400 

Elastic  limit  per  sunare  inch  of  original  section  do —        4LO0O 

Elongation  per  inch  after  mptnre inch..  0.28 

Elongation  per  inch  under  strain  at  elastic  limit do...      .001667 

Redaction  in  diameter  at  point  of  raptare 'ISl- 

Redaction  in  area  after  mptore,  per  centum  of  original  section 42.0 

Petition  of  rnptare ".65  from  neck- 
Character  of  broken  sarfkce dall  spongy,  slightly  granalar.. 
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No.  124. 

Tension  test 
Marks  on  bar,  M.  T.  2. 
Length,  3".00. 
Diameter,  .564. 
Sectional  area,  .25  square  inch. 


AppUed  loacU. 


Total. 


I  Per  square  i 
inon. 


Eloneation 
per  Inch. 


PoufuU. 
250 
1,250 
2,500 
3,750 
5,000 
8,250 
6.500 
8,750 
7,000 
7.250 
7,500 
7,750 
8,000 
8,250 
8,500 
8,750 
9,000 
9.250 
9,500 
9,750 
10,000 
10,250 
10.500 
10,750 
11,000 
11,250 
11,500 
11.750 
12.000 
12,250 
12,500 
12,750 
18,000 
13.250 
13.500 
13,750 
14,000 
14,250 
14,500 
14.760 
15,000 
15,500 
16.000 
16,500 
17,000 
17,500 
18,000 
18,500 
19,000 
19,500 
20,000 
20,25U 
19.300 


Poundt. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28.000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35.000 
36,000 
37,000 
38,000 
39,000 
.  40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46.000 
47,000 
48,000 
49,000 
50,000 
51.000 
52.000 
53,000 
54.000 
55.000 
56.000 
57.000 
58,000 
59,000 
60.000 
62.000 
64.000 
66.000 
68,000 
70, 000 
72.000 
74,000 
76,000 
78,000 
80,000 
81,000 


Inch. 
0. 

.000100 
.000333 
.000433 
.000633 
.000733 
.000733 
.000800 
.000867 
.000900 
.000933 
.000983 
.001000 
.001033 
.001033 
.001067 
.001067 
.001100 
.001133 
.001200 
.001233 
.001333 
.001367 
.001800 
.009533 
.  010267 
.010733 
.011533 
.  012700 
.013700 
.015033 
.015667 
.016767 
.016367 
.019700 
.021067 
.021867 
.023267 
.025000 
.026867 
.029300 
. 032167 
.036360 
.041533 
.045700 
.052400 
.0600 
.0700 
.0633 
.]«» 
.1400 
.1700 


Saccewire  pennanent  I  8"«c««*v;  ^ 
elongation  .  '»•■»-"<'»• ,  permanent  - 
per  inch.  '        *®^-        \       set. 


Remarks. 


Inch. 


Inch. 


Ineh, 


I. 


1- 


.001267 
.002433 
.002867 
.004133 


I- 


.004167  I 

.006700  ' 
.007600 

.0100  I 


.0200 
.0367 
.0300 


.000033 


.000100 

.000232 

.000100 

.000200 

.000100 
0. 

.000067 

.000067 

.000033  , , 

.000033  I   .000033 
0. 

.000067  : , 

.000033  , 

.0       

.000034 
.0 

.000033 

.000033 

.000067 

.000033 

.000100 

.000034 

.000433 

.007733 

.000734 

.000466  I 

.000800  : 

.001167  1 

.001000  ! 

.001333  , 

.000634  i 

.001100  I 

.001600  I 

.001333  I 

.001367 

.000800 

.001400 


.|  Initial  load. 


.000083 


.000033 


I 
!l  Elaaticlimit 


.008600  I 


.018267 


.004634 


019033  I 
I I- 


.005766 


.026900 


.049567 


I 


.007867 


.022667 


Micrometer  remoTed. 


T71tlmate  strength. 
Load  at  time  of 
fracture. 


^      General  summary. 

Tensile  strength  per  square  inch  of  original  section poands..      81.000 

Blaatic  limit  per  soaare  inch  of  original  section do 42.000 

Elongation  pnr  Inch  after  mptnro inch..        0.237 

Elongation  per  inch  under  strain  at  elastic  limit do...    .001367 

Bednctlon  in  diameter  at  point  of  rapture  do...  094 

Beduction  in  area  after  rupture,  per  centum  of  original  section  30.8 

Position  of  rupture 1"  fh>m  neck 

Character  of  broken  surface granular,  radiating  from  dull  spot  at  cirouraferenoe 
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No  126. 

Tension  test 
IViarks  on  bar,  M.  T.,. 
Ijength,  3''.00. 
Diameter,  '^564. 
:Sectional  area,  .25  square  inch. 


Applied  loads. 


Tot"^    l^'taX" 


{Elongation 
per  inch. 


Pounds. 

260 

1>250 

2,600 

8,750 

5,000 

6,250 

6,500 

6,760 

7,000 

7,260 

7,500 

7,750 

8,000 

8,250 

8.500 

8,750 

9,000 

9,250 

9,500 

9,750 

10,000 

10,250 

10,500 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12,250 

12,500 

12,750 

13,000 

13,250 

13,500 

13,760 

U.OOO 

14,250 

14,500 

14,750 

15.000 

15,500 

16,000 

16,500 

17,000 

17,500 

18,000 

18.500 

19,000 

19,500 

19,780 

17,400 


PoundM, 
1,000 
^000 
10,000 
15.  GOO 
20,000 
25,000 
26,000 
27,000 
28.000 
29,000 
80,000 
81.000 
32,000 
38,000 
34,000 
35.000 
36,000 
37,000 


Saccesaive 
elongatdon 
per  inch. 


Inch. 
0. 

.000062 
.000133 
.000367 
.000467 
.000700 
.000700 
.000733 
.000733 
.000767 
.000767 
.000767 
.000833 
.000900 
.000967 
.001033 
.001067 
.001100 
.001183 
.001167 
.001167 


I 

^®^*°*»°V  permanent  I 
set. 


Remarks 


.009067  I 
.010500  I 
.011467 
.012667  I 
.013100  , 
.014267 
.015267  ; 
.016667 
.018000  , 
.018667 
.  019733 
.021100  I 
.022767 
.024000 


.027367 
.029267 
.03U700 
.038067 
.087183 
.042167 
.047183 
.053100 
.060400 
•.0733 
.0867 
.1067 
.1800 
.1767 


Inch. 


.000067 
.000066 
.000234 
.000100  ' 
.000233 
0. 
.000033  , 

®- 
.000034  I 

0. 

0.       I 
.000066 
.000067  r 
.000067  I 
.000066  I 
.000034 
.000033 
.000033 
.000084 

0. 

.008166 
.000634 
.000533 
.000067 
.001200 
.000433 
.001167 
.001000 
.001400 
.001333 
.000667 
.001066 
.001367 
.001667 
.001238 
.001333 
.002034 
.001900 
.001438 
.002367 
.004066 
.005034 
.004966 
.005967 
.007300 
.0129 
.0134 
.0200 


Inch. 


Jneh. 

0.  

0.  i 

—.000033  '  —.000038 

—.000033  '     0. 

—.0000^3  I    0. 

—.000033  I    0. 


Initial  load. 


.0467 


1 

' 

0.       i   .000033 

^          ! 

-.000033 

—.000033 

-.000088 

0. 



' 

.6iioi7 

.oiiioo 



. 016100 

.005033 

""*.' 021800" 

".' 006700*' 





.030600    .008800 

1  

1 

.  057267  i   .  026667 

\ 

Elastic  limit 


Micrometerremoyed. 


Ultimate  strenjcth. 
Load  at  time  of  fhust- 
ure. 


.  General  summary. 

Tensile  strength  per  sqnare  inch  of  original  section ponnds..  79,190 

Elastic  limit  persqnare  inch  of  original  section do....  49,000 

Elongation  per  inch  after  rupture inch  ..       0.26 

Elongation  per  inch  under  strain  atelaatio  limit do 001167 

Beduotlonindlameterat  point  of  rapture do 134 

Ueduction  in  area  after  rupture,  per  centum  of  original  section 42. 0 

Poaition  of  rupture ".8  from  neck. 

Character  of  broken  surface dull  spongy,  slightly  granular. 
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No.  114. 

Tension  lest. 
Marks  on  bar,  B.  T.  1. 
Length,  3". 
Diameter,  ^'.564. 
Sectional  Hrea,  .25  square  iuch. 


Applied  loads. 


Total 


I  Per  aqaare 
inch. 


Pounds. 

250 

1,250 

2.500 

3,750 

5,000 

0.250 

7,500 

8,750 

0,000 

9,250 

9.500 

9,750 

10,000 

10.250 

10,500 

10,750 

11,000 

11.250 

11,500 

11,750 

12,000 

12,250 

12,500 

12,750 

13,000 

13,250 

13,500 

13,750 

14,000 

14,250 

14,500 

14,750 

15,000 

15,500 

16.000 

18.500 

17.000 

17,500 

18.000 

18,500 

19,000 

19,500 

19, 770 

17,900 


Poundi. 
1,000 
6,000 
10,000 
16,000 
20,000 
26,000 
30,000 
85,000 
86,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49, 000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
62,000 
64,000 
66.000 
68.000 
70.000 
72,000 
74.000 
76,000 
78,000 
79,080 


Elongation 
per  Inch. 


Inch. 
0. 
.000200 


.000500 
.000683 
.000800 
.000997 
.001100 
.001238 
.001300 
.001400 
.002700 
.004733 
.006033 
.006800 
.007633 


.009400 

.010267 

.011233 

.012367 

.013800 

.014600 

.015367 

.016333 

.017533 

. 019567 

.020733 

.  0il667 

.  023033 

.025038 

.026400 

.  02S333 

.032267 

.  036067 

.  041867 

.046733 

.053167 

.0600 

.  0733 

.0900 

.1200 

.1567 


Saocesaive 
elongation 
per  inch. 


Inch. 


.000200 
.000183 
.000167 
.000183 
.000167 
.000167 
.000133 
.000133 
.000067 
.000100 
.001300 
.002033 
.001300 
.000767 
.000838 
.000900 
.000867 
.000867 
.000966 
.001184 


Permanent 
set. 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

.000033 
.000067 


Successive ; 

permanent ' 

set. 


Remarks. 


Ineh, 


.000038 
.000034 


.003466 


.0C7833 


.004800 


.012667 


.018300 


.001300 
.000767 
.000966 
.001200 
.002034 
.001166 
.000984 
.001366 
.002000 
. 001367 
.001933 
.003934 

.003800  I 

.005800   

.C04866   

.006434     .050100 

.006833  ' 

.0133 

.0167    

.0300       ; 

.0367    1 


.004834 


Initial  load. 


Blastio  limit. 


.005633 


026000    I      .007700 


.024100 


Micrometer    re- 
moved. 


Ultimate  strength. 
Load  at   time   of 
fracture. 


Specific  gravity. 
Hardness . 


General  eummary. 


Tensile  strength  per  square  inch  of  original  section pounds.. 

Elastic  limit  per  square  inch  of  original  section do  — 

Elongation  per  incii  after  rupture inch.. 

Elongation  per  inch  under  strain  at  elastic  limit do 

Beduction  in  diameter  at  point  of  rupture do ... . 

Reduction  in  area  after  rupture,  per  centum  of  original  section 

Position  of  rupture ".6 

Character  of  broken  surface granular  80  per  cent,  radiating  from  a  dull  spot  at 

ference ;  surface  cracks  developed  on  the 


7.85aS 

12.84 
79,080 
88,000 

0.20 

.001400 

.084 

27.6 


oiroRun- 
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JSo.  121. 

Tension  test. 
Marks  on  bar,  B  T  2. 
Length,  3^'. 
Diameter,  ^'.564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Tow.  I^-LX" 


Poundt. 

250 

1,250 

2,600 

3,750 

5,000 

6.250 

6,500 

6,750 

7,000 

7,250 

7,500 

7,750 

8,000 

8,250 

8,600 

8,750 

0,000 

9,250 

0,500 

9,750 

10,000 

10,260 

10.500 

10,760 

11,000 

11,260 

11,500 

11,750 

12,000 

12,250 

12,600 

12,750 

18,000 

18,260 

18,500 

18,750 

14.000 

14,250 

14,500 

14,750 

16,000 

16,600 

16.000 

16,500 

17,000 

17,500 

18,000 

18,600 

19,000 

19,500 

19,900 

17,000 


Pounda. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
81,000 
92,000 
88,000 
34,000 
85,000 
86,000 
87,000 
88,000 
89,000 
40.000 
41,000 
42,000 
48,000 
44,000 
45^000 
46,000 
47,000 
48,000 
49,000 
60,000 
61,000 
62,000 
68.000 
54,000 
6^000 
66,000 
67,000 
68,000 
59.000 
60,000 
62,000 
64,000 
66.000 
68,000 
70,000 
72.000 
74,000 
76.000 
78,000 
79,000 


Elongation 
per  inch. 


JtMA« 


.000400 
.000583 
.000667 
.000867 
.000867 


.000933 
.000967 
.001000 
.001100 
.  001188 
.001167 
.001200 
.001233 
.001367 
.001467 
.001700 
.002188 
.004288 
.005867 
.006867 


.007083 
.006900 
.009567 
.010600 
.011688 
.012500 
.018783 
.014288 
.016688 
.016800 
.017968 
.019267 


.024067 
.026400 
.027288 


.036267 
.040100 
.045867 


.0600 
.0700 
.0867 
.1100 
.1900 


SncceMire 
elonsation  ; 
per  moil. 


Permanent 
set. 


Saoceaaire 

permanent 

set. 


Remarks. 


Inch.  I      Inch. 

'  0. 

.000233  ;  0. 

.000167  I  .000033 

.000133  .000067 

.000134  .000100 

.000200  ;  


.000033      

.  000034    '.. 

!  000083  !  ".'oooiii' 

.000100    I 


.000084 
.000033 
.000083 
.000134 
.000100 
.000233 


.002100 
.001184 
.001000 
.000666 


.000967 
.000667 


.001188 

.000667 

.001238 

.000600 

.001300 

.001367 

.001138 

.001384 

.001066 

.001900 

.001834 

.001833 

.001888 

.003067 

.004907 

.004833 

.  005767 

.006366 

.007767 

.0100 

.0167 

.0233 

.0800 


.000288 


.007800 


.018800 


Ineh. 


r::::::;i 

.000033  I 
.000034  I 
.000033    ' 


Initial  load. 


.000083 


.000100 


.002700 


..004867 


.017288 


.094938 


.049238 


.007700 


.024300 


Elastic  limit. 


Micrometer  remored. 


mtlmate  Btremcth. 
Load    at    time    of 
fraotnre. 


General  summary. 


79,600 
86,000 

0.24 

.001283 


Tensile  strength  per  square  inch  of  original  section pounds 

Elastic  limit  per  square  inch  of  original  section do. 

Elongation  per  inch  after  mptare inch 

Elongation  per  inch  under  strain  at  elastic  limit do.. 

Reduction  in  diameter  at  point  of  rapture ■ do., 

Reduction  in  area  after  rupture,  per  centum  of  original  section 80.8 

Position  of  rupture 2'' ftom  middle  of  stem. 

Character  of  broken  surface granular,  60  per  cent ;  dull  spongy  spot  at  circumference, 

40  per  cent. 
Smiace  cracks  developed  on  stem. 
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No.  122, 

Tension  test 
Marks  on  bar,  B  T  3. 
Length,  3". 
Diameter,  ''.5H. 
Sectional  area,  .25  square  inch. 


'  Applied  loads. 

EloDfrallon 
pwinch. 

SaoceaaiTe 
elongatUm 
perlneh. 

Permanent 
set. 

SnooaaaiTO 
aet. 

1 

Total. 

PerMoare 

Benarka. 

Pound*. 

260 

1,250 

S.600 

8,760 
6,000 
6,250 
6,600 
6,750 
7,000 
7,250 
7,500 
7,750 
8,000 
8,250 
8,500 
8,750 
9,000 
9,250 
9.600 
9,750 
10,000 
10.250 
10.600 
10,750 
11,000 
11,250 
11,500 
11,760 
12.000 
12.250 
12,500 
12,750 
18.000 
18.250 
13,500 
13,760 
14,000 
14,250 
14,600 
14.750 
16,000 
16,500 
16,000 
16.60fr 
17,000 
17,600 
18,000 
18,500 
19,000 
19,500 
19,900 
17,200 

Poundt, 
1,000 
6,000 
10,000 
15,000 
20,090 
25,000 
26,000 
27,000 
28,000 
29.000 
30,000 
81,000 
32,000 
38,000 
34,000 
86,000 
86,000 
87.000 
38,000 
39.000 
40.000 
41.000 
42.000 
43.000 
44.000 
45.000 
46.000 
47,000 
48.000 
49,000 
50,000 
51,000 
52,000 
53,900 
54,000 
55.000 
56,000 
57.000 
58.000 
59,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78.000 
79,600 

0. 
.000288 

;000588 

.000688 

.000838 

.000867 

.000900 

.000933 

.000967 

.001000 

.001000 

.001067 

.001133 

.001200 

.001267 

.001367 

.001600 

.001667 

«003300 

.004967 

.005400 

.006667 

.007367 

.008367 

.009067 

.010000 

.010967 

.012083 

.  012933 

.014333 

.014933 

.016267 

.017133 

.018600 

.020000 

.021388 

.022700 

.024067 

.025067 

.027967 

.031633 

.036233 

.040967 

.046733 

.054200 

.0600 

.0733 

.0867 

.1167 

.1800 

Inch. 

.000283 
.000100 
.  000200 
.000100 
.000200 
.000034 
.000033 
.000083 
.000034 
.000033 
0. 

.000067 
.006066 
,000067 
.000067 
.000100 
.000183 
.000167 
.001633 
.001667 
.000438 
.001267 
.000700 
.001000 
.000700 
.000038 
.000967 
.001066 
.000900 
.001400 
.000600 
.001334 
.000866 
.001467 
.001400 
.001338 
.001367 
.001367 
.001900 
.002000 
.008666 
.004600 
.004784 

.0133 
.0134 
.0300 
.0633 

Inch, 
0. 
0. 
0. 
0. 
0. 

Inok, 

Initial  limd. 

1 





.000088 

.000088 

Elastic  limik 

.000188 

.000100 

.003667 

.008584 

1 

1 

.007600 

.003988 

.012500 

.004900 

Bested  under  initinl 
load  1  hour. 

.017967 

.005467 

1 

Micrometer  remored. 

Load    at   time    of 
fraotnre. 

v.'.'.::.'.'.'.'.'. 

.025600 

.007533 





.U51267 

.026797 

■    1" ""1 

General  summary. 

Tensile  strength  per  square  inch  of  ori^rinal  section pounds 

Elastic  limit  per  sqaare  iuch  of  original  section do.. 

Elongntion  per  inon  after  rupture • inch 

Elongation  per  inch  under  strain  at  elastic  limi  t do. 

Bednctiou  iu  diameter  at  point  of  rupture. do. 

Reduction  in  area  after  rupture,  per  centum  of  original  section 

Position  of  rupture .     .. '.5  Ihmi  middle  of -.«-. 

Character  of  brolKcn  surface granular,  60  per  cent. ;  dull,  spongy,  40  per  cent.    Surface  oiaoks 

developed  on  stem. 


79.600 
35.000 

001267 
.104 
33.6 
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No.  127. 

Tension  test 
Marks  on  bar,  B.  L.  B. 
Length,  S". 
Diameter,  ^'.664. 
Sectional  area,  .25  square  inches. 


Appltodloiids. 


perineh. 


SaocMslTe 
elongatSon 
per  ineh. 


Permaa«Dt 


8no«eMiye 
penna&eiit 


PottfUtf. 

260 
1,260 
2,500 
8.750 
6,000 
e.260 
0.500 
0.750 
7,000 
7,260 
7,500 
7,760 
8,000 
8.250 
8.600 
8,760 
0.000 
8.250 
0,600 
0,750 
10,000 
10,260 
10.600 
10,750 
11,000 
11,250 
11,500 
11,750 
12,000 
12,250 
12.500 
12,750 
18,000 
18,250 
18,500 
18,760 
14,000 
14,250 
14,500 
14,750 
15,000 
16.500 
16,000 
18,500 
17,000 
17,600 
18,000 
18.600 
19,000 
19,500 
10.820 
16,000 


PowncU. 
1,000 
6,000 
10.000 
16,000 
20,000 
2^000 
26,000 
27,000 
28,000 
20,000 
80,000 
81,000 
82,000 
88,000 
84,000 
86,000 
86,000 
87,000 
88.000 
88,000 
40,000 
41,000 
42,000 
48,000 
44,000 
46.000 
46,000 
47.000 
48.000 
40,000 
50,000 
51,000 
52,000 
68,000 
54,000 
66,000 
56.000 
57,000 
68,000 
60,000 
60,000 
82,000 
64,000 
06.000 
68.000 
70,000 
72.000 
74,000 
76,000 
78,000 
78.480 


0. 
.000188 


.000767 


.000867 


.001000 

.001000 

.001088 

.001067 

.001100 

.001100 

.001188 

.001200 

.001267 

.001833 

.001867 

.001788 

.008100 

.004067 

.006700 

.008083 

.008767 

.010000 

.010683 

.012000 

.018000 

.  014400 

.015338 

.016500 

.017033 

.010367 

.020467 

.021067 

.023700 

.025367 

.027888 

.031267 

.035000 

.041267 

.047667 

.055600 

.0667 

.0833 

.0067 

.1500 

.2000 


IfUk. 


.000138 
.000167 
.000100 


.000100 


'Inch. 

0. 

a 

0. 
0. 
0. 
0. 


Initial  load. 


.00G066 


.000083 


.00003< 
.000067 
.000067 
.000066 
.000084 
.000366 
.001367 
.000067 
.001688 


.000083 


.000100 


.000067 


filastio  Umit. 


.000784 
.001233 
.000633 
I  .001367 
.001000 
.001400 
.000038 
.001167 
.001433 
.001484 
.001100 
.001500 
.001733 
.001667 
.001066 
.008084 
.004638 
.005367 
.006400 


.011267 


.017800 


.024063 


.0111 
.0166 
.0134 
.0638 
.0500 


.052700 


.007688 


.027767 


Micrometer  remored. 


intiinate  strength. 
IjOmL  at  time  of 
fracture. 


General  awnmary. 

TeneQe  strength  per  square  inch  of  original  section pounds..    78.480> 

Elastic  limit  .-. do.-..    40.000 

Elongation  per  inch  after  raptore inch.:       0.82- 

Elongation  per  inch  nnder  strain  at  elastic  limit do 001867 

Redaction  in  diameter  at  point  of  rapture do 104 

Beduction  in  area  after  rapture,  per  centam  of  original  section 66.8- 

Position  of  rupture «,5  from  middle  of  stem.. 

Character  of  broken  surfitoe silky,  spongy,  cup-shaped  end^ 
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No.  126. 

Tension  test. 
Marks  od  bar,  B.  L.  T. 
Length,  3". 
Diameter,  ''.564., 
Sectional  area,  .25  square  inch. 


Applied  loada. 


Total. 


Poundt. 

250 

1,250 

2.500 

8»750 

5,000 

6,250 

0.500 

6,750 

7,000 

7,250 

7,600 

7,750 

8,0o0 

8,250 

8,500 

8,750 

0,000 

0.260 

9  500 

0«750 

10.000 

10,250 

10«500  ' 

10,750 

11.000 

11,250 

11.500 

11,750 

12.000 

12,250 

12.600 

12,750 

18,000 

18.250 

18,500 

18.750 

HOOO 

14.250 

14,600 

14.750 

15,000 

15,500 

16,000 

10.500 

17,000 

17,500 

18,000 

18,500 

19,000 

19,500 

19,970 

16,500 


Per  square 
incn. 


vi^.».M^»  Snooeeslve  ,  t>^-^„„^«*  '  Successive 
per  iDcii. 


Poundi. 
1.000 
5,000 
10,000 
15.000 
20,000 
25,000 
26.000 
27,000 
28.000 
29.000 
80,000 
81,000 
82,000 
83,000 
84.000 
85.000 
86,000 
87,000 
88,000 
80.000 
40,000 
41,000 
42,000 
48.000 
44,000 
45.000 
46»000 
47.000 
48,000 
4i,000 
50,000 
61,000 
62,000 
68,000 
54,000 
6^000 
56,000 
57,000 
58.000 
59,000 
60.000 
62.000 
64,000 
66.000 
68.000 
70,000 
72.000 
74.000 
76,000 
78,000 
70,880 


Inch. 
0. 

.000067 
.000167 
.000800 
.0004&3 
.000600 
.00063:) 
.000667 
.000700 
.000700 
.000733 
.000783 
.000767 
.000800 
.000888 
.000867 
.000938 
.000967 
.001000 
.001038 
.001067 
.001067 
.001100 
.001188 
.001188 
.001288 
.005867 
.007567 
.008488 


.011067 
.011488 
.012688 
.013967 
.015100 
.016888 
.017667 
.018900 


.0217H7 

.023567 

.027167 

.031338 

.036267 

.042267 

.049088 

.0600 

.0733 

.0900 

.1167 

.•1883 


I 


Inch.   * 

0. 

.000067 
.000100 
.000183 
.000183 
.000167 
.000038 
.000034 
.000033 

0. 
.000033 

0. 


Inck. 
0. 
0. 
0. 
0. 


-%  000038 


.000083 
.000088 
.000084 
.000066 
.000034 


.000084 


a 

.000100 
.004184 
.002200 
.000866 

.001100 
.001584 


.001200 

.001834 

.001188 

.001283 

.001834 

.001233 

.001767 

.001100 

.001800 

.003600 

.004166 

.004934 

.006000 

.006766 

.010967 

.0188    I 

.  0167  *   I 

.0267    I 

.0666   I 


.014267 


.021883 


.046067 


Inch, 


—.000083 
0. 


.009267 


.004967 


Bemarks. 


Initislloitd. 


BlMtio  limit. 


.024784 


Micrometer  remoTed. 


Ultimate  strength. 
Load  at    time    of 
fracture. 


General  summary. 

• 

Tensile  strength  per  square  inch  of  original  section pounds..      79,880 

Elastic  lioiit  per  square  inch  of  original  section do....      46,000 

Elongation  per  inch  after  rupture  inch  ..       0.807 

Elongation  per  inch  under  strain  at  elastic  limit do...    .001888 

Seduction  in  diameter  at  point  of  rupture do...         .194 

Bednction  in  area  after  rupture,  per  centum  of  original  section 56L8 

Position  of  rupture "Itnmnttik. 

Character  of  broken  surface silky,  spongy,  cup-shaped  end. 


S~vru:^7i.  jTrxJ^G, 


<36^■«■a^?e'  e:n.^^ 


^__«^es3u_ 


_^ti-__:?z-z-i-;^.'^^^-?-^.--^  ^J^^?^.rA 
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No.  130. 

Tension  test. 
Marks  on  bar,  M.  Bi. 
Length,  3''. 
Diameter,  ''.564. 
Sectional'  area,  .25  square  inch.    * 


Applied  loads. 

Elonf^Rtion 
per  inch. 

Sncoesslve 
elongation 
per  inch. 

Permanent 
set. 

Sacceasive 
set. 

Remarks. 

Total. 

Per  square 
inch. 

Pounds. 
250 
1,250 
2,500 
3,750 
5,000 
6.250 
6,500 
6,750 
7,000 
7,260 
7,500 
7,750 
8,000 
8,250 
8,500 

Pounds. 
1.000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
82,000 
33, 000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,  000 
40.000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47.000 
48,000 
49,000 
50,000 
51.000 
52.000 
53.000 
HOOO 
55,000 
56,000 
67,000 
68,000 
59,000 
60,000 
62,000 
64,000 
60,000 
68,000 
70,000 
72,000 
74.000 
76,000 
78,000 
80,000 
82,000 

Inch. 

0. 
.  000100 
.000200 
.090400 
.000567 
.000767 
.000800 
.000833 
.000867 
.000900 
.000900 
.000933 
.001000 
. 101067 
.001100 
.  001133 
.001183 
.001200 
.001233 
.001233 
. 001267 
.001367 
.001467 
.003633 
.  007867 
.008433 
.008900 
.009733 
.010900 
.011567 
.012867 
.  018467 
.014733 
.015533 
.  016733 
.017900 
.018867 
.019900 
.  021500 
. 022800 
.024200    ' 
.  027500 
'      .  030700 
.  0:i4K33 
.  (139233 
.044667 
.  0.53:{ 
.0600 
.  07«i0 
.  U833 
.0967 
.1433 

Inch. 

Inch. 

0. 

0. 

—  .000033 

—  .000033 

—  .000083 
0. 

Inch. 

9 

InitiAlload. 
Elastic  limit. 

Micrometer  removed. 

Ultimate  strength. 
Load    at    time    of 
Araotare. 

.000100 
.000100 
.000200 
.000167 
.000200 
.000033 
.000038 
.000034 
.000033 

0. 

.000033 
.000067 
.000067 
.000038 
.000033 

0. 

.000067 
.  000033 

0. 

.000034 
.000100 
.000100 
.  002166 
.004234 
.000566 
.  000467 
.000833 
.001187 
.000667 
.001300 
.000600 
.  001266 
.000800 
. 001200 
.0411167 
.000967 
.001033 
.001600 
.  001300 
.001400 
.  0(13300 
.  003200 
.004133 
.004400 
.005434 
.008633 
.0067 
.0100 
.0133 
.  OIU 
.0466 
1 

—  .000033 
0. 
0. 
.000083 

.000088 

.000083 

8.750 
9,000 

.000083 

0. 

9.250 

9,500 

9,750 
10, 000 
10.250 

"""'"000067 

■"".000034 

10,500 

10,750 

11,000 

11,250 
11,500 

.006707 

.006700 

11,750 

12,000 

12,250 

121500 
12,750 

.010900 

.004133 

13,000 
13,250 
13,500 
13,  750 
14,000 

"'*.'6i5700 

.004800 

14,250 

14,500 
14, 750 
15.000 
15.500 
16,000 
16,500 

.021767 

.006067 

17, 000 

17,500 
18,000 
18,500 
19.000 
19,500 
20,000 
20.500 
16,900 

.041533 

.  019766 



1                        1 
1 

General  summary, 

fie  gravity,  taken  from  inner  end 7. 

lardness 


Tensile  strongth  per  square  inch  of  original  section pounds.. 

Elastic  limit  per  sqnare  inch  of  originaTsection do 

Elongation  per  inch  after  mptare     inch.. 

Elongation  per  inch  ander  strain  at  elastic  limit •. do  .. 

Redaction  in  diameter  at  point  of  rapture do... 

Keduction  in  area  after  rapture,  per  centum  of  originid  section 

Position  of  rapture ''.4  from  neckc 

^Charaoterof  broken  surfkoe granular,  60  per  cent ;  doll  spongy,  40  per  cent. 

S.  Ex.  35 25 


13.65 

82,000 

40.000 

0.18 

.001267 

.124 

2 
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No.  128. 

Tension  test, 
Marks  on  bar^  B.  Bi. 
Length,  3". 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Poundt. 

250 

1«250 

2.500 

3,750 

6,000 

6,250 

6,500 

6,750 

7,000 

7.250 

7,500 

7,760 

8.000 

8,250 

8,600 

8,760 

9.000 

9,260 

9,600 

9,7Jn 

10,000 

10.250 

10,500 

10,750 

11,000 

11.250 

11.500 

^1,750 

12,000 

12,250 

12,500 

12,750 

13,000 

13,250 

13,500 

13,750 

14,000 

14.250 

14,500 

14,750 

15,000 

15,600 

10,000 

16,600 

17,000 

17,500 

18.000 

18.500 

19,000 

19.880 

18,400 


Per  sonare 
incn. 


Pound*. 
1.000 
6,000 
10,000 
16,000 
20,000 
25.000 
26,000 
27,000 
28,000 
29,000 
80,000 
31,000 
82,000 
83.000 
34.000 
85,000 
86,000 
87,000 
38,000 
39.000 
40,000 
41,000 
42.0U0 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
40,000 
50,000 
61,000 
52,000 
53,000 
54,000 
55.000 
56,000 
57.000 
58,000 
59.000 
60.000 
62.000 
64,000 
66.000 
66,000 
70,000 
72,000 
74.000 
76,000 
77,520 


Eloosatlon 
perlnob. 


Suocesslve 
elonsatton 
perlnch. 


Inch. 
0. 

.000167 
.000867 
.000500 
.000667 
.000888 
.000888 
.000900 
.000967 
.001038 
.001067 
.001188 
.001167 
.001200 
.001800 
.001467 
.001667 
.902367 
.003200 
.004300 
.006800 
.006500 
.007500 
.008367 
.009400 
.010200 
011000 
.012200 
.  013767 
.014600 
.015833 
.017388 
.018767 
.019700 
.021400 
.022700 


.1  Inch, 


.026283 

.028506 

.029600 

.032100 

.086200 

.041838 

.047700 

.053500 

.062067 

.0733 

.0933 

.1167 

.1667 


.000167 
.000200 
.000188 
.000167 
.000166 
0. 

.000067 
.000067 
.000066 
.000084 
.000066 
.000034 


.000100 
.000167 
.000200 
.000700 
.000883 
.001100 
.001500 
.001300 
.001000 
.000867 
.001038 
.000800 
.000800 
.  001200 
.001567 


Permanent 
■et. 


Ineh. 


.000033 
.000038 
.000067 


.000133 


.000367 


.004400 


.008600 


.001283 
.001500 
.001484 
.000938 
.001700 
.001300 
.001633 
.001900 
.002267 
.001100 
.002500 
.004100 


.018833 


.020600 


.005800 

.008567 

.011233 

.0200 

.0284 

.0500 


.029667 


.059167 


SacoeesiTe 

permanent 

set. 


Ineh. 


.000088 


.000084 


.000066 


.000284 


.604083 


.004200 


.006767 


Bemarks. 


Initial  load. 


Elastic  Umlt. 


.009067 


.029500     Micrometer  removed. 


.;  Ultimate  strength. 
.  I  Load   at   time  of 
tnctare. 


General  summary, 

dpecifio  gravity,  taken  ftom  inner  end 7.8557 

rfardnesii....-- 1108 


hardness --   

Tensile  streni^th  per  sqnare  inch  of  original  section pounds.. 

Elastic  limit  per  aauare  inch  of  original  section do... 

Elongation  per  incn  after  rupture inch.. 


Elongation  per  inch  under  strain  at  elastic  limit do 

Reduction  in  diameter  at  point  of  rupture do, 

Eediiction  in  area  after  rupture,  per  centum  of  original  section 

Position  of  rupture    ".8^001  neck 

Character  of  broken  surface granular,  60  per  cent.  -.  dull  spot  at  circumference 

40  per  cent. ;  surface  cracks  developed  on  stem 


77.520 

33.000 

0.20 

001200 

.094 

30.8 
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No.  129. 

Tensian  test. 
Marks  on  bar,  B.  E,. 
Length,  3'^ 
Diameter,  '^564. 
Sectional  area,  .25  square  inch. 


AppUed  loads. 

Elongation 
per  inch. 

Succe»sive 
elongation 
per  inch. 

Permanent 
set. 

Saccessive 
permanent 

set. 

Total. 

Per  nqnare 
inoh. 

Remarks. 

Pounds. 
260 
1,250 
2,500 
3,750 
5,000 
6,250 
6,500 
6.750 
7,000 
7,250 
7,500 
7,750 
8,000 
8,250 
8,500 
8,750 
9,000 
9,250 
9.500 
9,750 
10,000 
10,250 
10,500 
10,750 
11,000 
11.250 
11,500 
11,750 
12,000 
12,250 
12.  500 
12,  750 
13, 000 
13,250 
13,500 
13,750 

14,  000 
14,2i,0 
14,500 
14,750 
15, 000 

15,  tm 

16,000 
16,500 
17,000 
17.500 
18,000 
18.500 
18,980 
17,700 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27.000 
28,000 
29,000 
30.000 
31,000 
32,000 
83,000 
34,000 
85,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,  000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
63,000 
54,000 
55,000 
66, 000 
57,  000 
58,000 
59,  000 
60,000 
62,  000 
64,000 
66,000 
68,000 
70,000 
72.000 
74,  000 
75, 920 

Inch, 

0. 

.000267 
.000433 
.  000633 
.000800 
.001000 
.  001000 
.001067 
.001167 
.001233 
.  001300 
. 001333 
.  001433 
. 001533 
.  001667 
.  001767 
.  002100 
.  003700 
.  004767 
.  005333 
.  006300 
.007033 
.007900 
.008900 
.  010133 
.011300 
.012300 
.013333 
.014667 
.015667 
. 017333 
.017967 
.019667 
.  021000 
.022800 
.024267 
. 025733 
.  027700 
.030267 
.  031867 
.  038667 
.038700 
.044067 
.050333 

..057667 
.068000 
.0867 
.1100 
.1667 

Inch. 

"".000267"" 
.000166 
.000200 
.000167 
.000200 
0. 
.000067 
.000100 
.000066 
.000067 
.  000033 
.  000100 
.000100 
.000134 
. 000100 
.  000333 
.  001600 
.  001067 
.  000566 
•     .000967 
.  000733 
.  000867 
.  001000 
.  001233 
.001167 
.001000 
.  001033 
.001334 
.  001000 
.001666 
.  000634 
.  001700 
.  001333 
.  001800 
.001467 
.  001466 
.001967 
.  002567 
.  001100 
.  002300 
.005033 
.005367 
.006266 
.007334 
.010333 
.0187 
.0238 
.0567 

Ineh. 

t 

.000033 
.000100 
.000133 
.000233 

<     Ineh. 

Initial  load. 

.000033 
.000067 
.000033 
.000100 

.000333 

.000100 

.000667 

.000334 

Elastic    limit    (ap- 
proximate)    not 
well  defined. 

.005000 

.004333 

.009333 

.004333 

.015000 

.005667 

1 



.022033 


.007033 

1 

i 

.031183 

.  009100 

• 

.064533 

.033400 

Miorometer  removed. 

1 

1 

mtimateBtrength.    1 
Load  at  time  offrmA- 

tare. 

Maximum  redaction  in  diameter  was  ".3  from  fractare,  where  it  was  'M04. 

General  summary. 

Tensile  strength  per  Bquare  inch  of  original  section pounds..  7S,920 

Elastic  limit  per  square  inoh  of  origiuaT  section do 35, 000 

Elongation  per  inch  after  ruptare inch . .        0. 217 

Elongation  per  inch  under  strain  at  elastic  limit do 001767 

Reduction  in  diameter  at  point  of  rapture do 084 

Reduction  in  area  after  rupture,  per  centum  of  original  section 27.6 

Position  of  rupture       ''.4  from  middle  of  stem. 

Charuoier  of  broken  surface granular ;  small  dull  spot  at  circumference ;  snrfisce  cracks 

derelopHBd  on  stem. 
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STEEL  FBOM  HOOPS  FOB  8"  B.  L,  BIFLE, 
fFiom  MidvAle  Steel  Works.] 

No.  292. 

Tenmn  test 
Marks  on  bar,  B.  A« — 1. 
Xiength,  6". 
Diameter,  ''.664. 
Sectional  area,  .25  square  inch. 


Applied  loads. 

Elongation 
per  inch. 

Successive 
elon^tlon 
per  incli. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Total. 

Per  sausre 
IncD. 

Powidi, 
260 
1,250 
2,500 
8,760 
5,000 
6,250 
7,500 
8,750 
10.000 
10.250 
10,600 
10.760 
11,000 
11,250 
11,500 
11,750 
12,000 
12,260 
12.500 
12,750 
18,000 
18,250 
13,500 
18,750 
14,000 
14,250 
14,600 
14,750 
15,000 
15.250 
15,500 
16,750 
16,000 
16,250 
16,500 
16.750 
17,000 
17,250 
17,500 
17,750 
18,000 
18,250 
18,500 
18,750 
19,000 
19,250 
19,500 
17,750 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
28.000 
23,500 
24,000 

Powndt. 
1,000 
5,0xK) 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45.000 
46.000 
47,000 
48,000 
49,000 
60,000 
51.000 
52,000 
53,000 
64.000 
66,000 
56,000 
67,000 
68,000 
60,000 
60,000 
61,000 
62,000 
63,000 
64,000 
66,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 

Inch, 

0. 

.000138 
.000300 
.000467 
.-000617 
.000767 
.000083 
.001067 
.001288 
.001238 
.001283 
.001338 
.001867 
.001888 
.001400 
.001417 
.001450 
.001500 
.001588 
.001588 
.001617 
.001688 
.001667 
.001700 
.001788 
.001767 
.001800 
.001860 
.001888 
.  001917 
.001960 
.001983 
.002017 
.002067 
.002183 
.002188 
.002250 

^.002883 
.002600 
.008060 
.003983 
.006483 
.006650 
.007817 
.008488 
.009250 
.010267 
.011488 
.012233 
.0142 
.0158 
.0176 
.0200 
.0226 
.0260 
.0288 
.OSI08 
.0842 
.0888 

Inch, 

"".'(00183* 
.000167 
.000167 
.000150 
.000150 
.000166 
.000134 

000166 
0. 

.000060 
.000050 
.000034 
.000016 
.000017 
.000017 
.000038 
.000060 
.000088 
.000060 
!000084 
.000016 

AAOASA 
.000038 
.000033 

.ooora4 

.'000050 
.000083 
000084 
.000083 
.000083 
.000084 
.000050 
.000066 
.000050 
.000067 
.000088 
.000267 
.000460 
.000983 
.001460 
.  001217 
.000667 
.001166 
.000767 
,001017 
.001216 
.0007.50 
.001967 
.0016 
.0017 
.0025 
.0026 
.0025 
.1083 
.0026 
.0064 
.0041 

Inch, 

0. 

.000017 
.000017 
.000017 
.000017 
.000017 
.000017 
.000017 
.000017 

InOi, 

'".'ooooi?" 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

Initial  load. 

SlaaticUmit. 
MicrometerremoTed. 

"Vooooi7' 

*  6.' 

.000017 

0. 

.000017 

0. 

• 

.000017 

0. 

.000067 

.000060 

.000388 

.000316 

.004700 

.004317 

.000200 

.004500 

24.500 

26,000 
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Applied  loads. 


I 


TotaL 


I  Poundi. 

25,600 
,    26,000 

26,600 
,    27,000 

27,320 
,    21,900 


Per  square 


sans 

DCO. 


incl 


Poundt. 
102,000 
104.000 
106,000 
108,000 
109,280 


Blon^tion 
per  moh. 


Ineh. 
0433 
.0492 
.0600 
.0733 


I 

Successive  Ip^t 
elongation  (*"»»*»""'«*«' 
per  inch.  ^^• 

1 


Snccesaive  | 

permanent . 

set.        I 


RamarkA. 


ImK.  I 

,      .  0050  I 

!      .  0059  I 

!  . 0108  i 
'      .  0133 

.0250 


Ineh, 


I 


Ineh. 


intimate  streDftis. 
Load  at  time  of  fiv 
tare. 


General  summary.  • 

Specific  gravity '.*' 

Hardness ^i 

Tensile  strength  per  square  inch  of  original  section ponuds..    'M 

Elastic  limit do...     K 

Elongation  per  inch  aAer  rupture ineh..    ..'i 

Elongation  per  inch  under  sn«in  at  elastic  limit do... 

Reduction  in  diameter  at  point  of  rupture do L'<: 

.  Reduction  in  area  after  rupture,  per  centum  of  original  section S&4 

Position  of  rupture ".0fh«s- 

Gharaoter  of  broken  surface nlkv,  interspersed  with  finegnnolirE)': 

Elongation  of  inch  sections ".00,  ".09,  ".09,  ".11,  ".12  (".84  ftactured  m& 


Marks  on  bar,  B.A.  e — 2. 

Length,  6". 

Diameter,  ^'.664. 

Sectional  area,  .25  square  incb. 


No.  293. 
Tension  test. 


Applied  loads. 

Elongation 
per  inch. 

Successive 
elongation 
perinch. 

•   

Ineh. 

Permanent 
set. 

Successive 

permanent 

set. 

Total. 

Per  square 
incii. 

Remarks. 

Poundi. 
250 
1.250 
2,500 
8,760 
5.000 
6,250 
7,600 
8,750 
10,000 
10,250 
10,500 
10,750 
11,000 
11,250 
11,600 
11, 750 

Pounds. 
1,000 
6,000 
10,000 
16, 000 
20,000 
26,000 
30,000 
35,000 
40,000 
41,000 
42.000 
43,000 
44,000 
46,000 
46,000 
47,000 
48,000 
49,000 
50.000 
61,000 
62,000 
53.000 
64,000 
56,000 
66,000 
67,000 
68,000 
60,000 
60.000 
61,000 

Ineh. 
0. 

.000167 
.000333 
.000433 
.000583 
.000750 
.000917 

Ineh. 

0. 
0. 

Inch. 

Initial  load. 

.000167 

.000166 
.000100 
.000150 
.  000167 
.000167 

I 

0. 
0. 
0. 

0. 

.001067          .OOOl.'M 

.001233 
.001250 
.001300 
.001333 
.001383 
. 001400 

.000166 
.000017 
.000050 
.000033 
.000050 
.000017 

' 

0. 

.001400     1     0. 
.001433    1      .000033 
.001467     ,      .000034 
.001600           .000033 
.001517           .000017 
.001583           .000066 
.001633           .000050 
.001650    ;      .000017 
.001667          .000017 
.001683    1      .000016 
.  001750     1       -  0000P7 

i    12,000 
12,260 
12,500 
12,750 
13,000 
18,280 
13,500 
13.760 
14.000 
14.250 
14,500 
14,750 
16.000 
15,250 

0. 

0.* 

■  •.•• 

.001767 
.001783 
.001800 
,     .001867 
.001900 

.000017 
.000016 
.000017 
.000067 
.000033 

0. 

_ 
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ApplitHl  loads. 

Eloneation 
per  inch. 

Inch. 
.001950 

j 
porinch.           ■**• 

SnccMsive 

permanent 

•set. 

Bemarka. 

Pounds. 
15,500 
16,750 
16.000 
16,250 
16,600 

Poundi, 
62,000 
63,000 
64,000 
65,000 
M.000 

Jndi. 
.000050 

Inch. 

Inch. 

Elastic  Umlt. 
Mionnneter  removed. 

Xntiiiiate  strangtli. 
Load   at  time  of 
fimotue. 

.001967 
.002000 
.002050 
.002083 
.002138 

.000017 
.000033 
.000050 
.000033 

AMIAV) 

.000017 

.000017 

16, 750    '        07.  MM 

17,000 
17,250 
17,500 
17,760 
18,000 
18,250 
18,500 
18,750 
19.000 

68,000 
69.000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
70.000 

.002233    !      .000100 
.  002400    1      -  000IA7 



.004000 

.004963 

.006250 

.007088 

.008867 

.009100 

.009733 

.010650 

.0U817 

.012567 

.013783 

.0150 

.0183 

.0200 

.0226 

.0850 

.0276 

.0308 

.0342 

.0392 

.0483 

.0600 

.0667 

.0650 

.0967 

.001600 
.000968 
.001267 
.000833 

.001284 
.000738 
.000683 
.000917 
.001167 
.000750 
..001166 
.001267 
.0088 
.0017 
.0035 
.0026 
.0026 
.0038 
.0084 
.0050 
.0041 
.0067 
.0067 
.0083 
.0317 

.001667 

.001660 

.006338 

.004666 

19, 250    1        77. 000 

19,500 
19,750 
20,000 
20,500 
21,000 
21,500 
22,000 
23,500 
28,000 
23,500 
24,000 
24,500 
26,000 
26,500 
28,000 
28,500 
27.000 
30,800 

78,000 
79,000 
80,000 
82.000 
84.000 
86.000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104,000 
106,000 
108,000 

.010667 

(ffU'M\ 

General  eumwutry. 

Tenaile  strength  per  square  Inch  of  original  section pounds..       108^00 

Elastic  limit  per  saaare  inch  of  originalsection do....         07,00 

Elonsation  per incn  aftermptaxe inch..      0.168 

Elongation  per  inch  under  strain  at  elastic  limit do 008188 

Redaction  in  diameter  at  point  of  raptore do....      .194 

Bednction  in  area  after  mptnre,  per  centum  of  original  seotion 56.8 

Position  of  rupture 1''.3  from  neck 

Character  of  broken  surface 1. silky,  interspersed  with  line  granuUr  metal 

Elongation  of  inch  sections ".08,  ".09,  ".U,  'Cl8,  »M  (".28  fractured  section) 
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No.  289. 

Tension  test. 
Marks  on  bar  B.  B.  j — 1. 
Length,  6^'. 
Diameter,  ''.564. 
Sectional  area,  .25  square  inch. 


Applied  loada. 


Totol. 


Elongation 
PerMoare    P««- inch.   I  p^, 
inon. 


Snooessive 
elon^tion 


inch. 


Permanent 
set 


Sucoeasive 

permanent 

set 


Remarks. 


Pounda, 
250 
1.250 
2,500 
8,750 
5,000 
6,250 
7.500 
8,760 
10,000 
10,250 
10,500 
10,750 
11,000 
11,250 
11,500 
U,750 
12,000 
12,250 
12,500 
12,750 
18,000 
18,260 
18,500 
13,750 
14,000 
li,250 
14,500 
14,750 
15^000 
15,250 
15.500 
16,760 
16.000 
16,250 
16,600 
16.760 
17,000 
17.250 
17,600 
17,750 
18,000 
18,250 
18,500 
18,750 
10,000 
10,250 
19,500 
10,750 
20.000 
20,600 
21,000 
21.600 
22.000 
23,500 
28,000 
28,500 
24,000 
34,600 
36,000 
26,500 
26,000 
26,500 
27,000 


Pvundt. 
1.000 
6,000 
10,000 
15,000 
20,000 
25,000 
80,000 
85,000 
40.000 
41,000 
42,000 
43,000 
44.000 
45,000 
46,000 
47,000 
48,000 
40,000 
60,000 
61,000 
82,000 
53,000 
54,000 
65.000 
50,000 
57,0C0 
68,000 
69,000 
60,000 
61,000 
62,000 
68,000 
04,000 
65,000 
66.000 
07,000 
68)000 
09,000 
70,000 
71,000 
72,000 
78,000 
74,000 
75)000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104,000 
100)000 
108)000 


Inch. 
0. 

.000100 
.000250 
.000400 
.000567 
.000738 
.000900 
.001038 
.001200 
.001200 
.001217 
.  0012») 
.001207 
.001300 
.001388 
.001400 
.001483 
.001467 
.001500 
.001567 
.001588 
.001000 
.001617 
.001650 
.001688 
.001717 
.001760 
.001788 
.  001817 
.001807 
.001900 
.001988 
.001967 
.002000 
.002183 
.002183 
.002317 


.002717 
.002883 


.004063 
.004607 


.006860 

.000767 

.008450 

.008667 

.0100 

.0117 

.0142 

.0158 

.0183 

.0200 

.0225 

.0250 

.0275 


.0400 
.0450 


Inch, 

0. 

.000100 
.000150 
.000150 
.000167 
.000166 
.000167 
.000133 
.000167 

0. 

.000017 
.000033 
.000017 
.000088 
.000083 
.000017 
.000088 


Inch, 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Inch. 


Initial  load. 


.000088 
.000067 
.000016 
.000017 
.000017 


.000064 


.000188 
.000060 
.000184 
.000116 
.000284 
.000106 
.000450 


.000407 


.000417 


.000450 

.000484 

.000488 

.000800 

.000917 

.001688 

.000117 

.001488 

.0017 

.0025 

.0016 

.0025 

.0017 

.0025 

.0025 

.0025 

.0026 

.0083 


.001988 


.001616 


.005607 


.001988 


Elastic  Umit. 


Micrometer  remored. 
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Applied  loads.       I  ' 

r  I  n^?Kil    ,  elongation  ,  P^^^en* ,  pennanent ,  Remarlo. 

TAt*l       Persanarel  P^^  *°«li-   '  per  inch.  '        "**'  set 

XUHU.       I  jjj^-^  I  I 

Pound*.      Pounds.    \      Inch.  Indi.  Inch.  Inch.      ' 

27,600  110.000  .0517  .0067         

28,000  112,000    i      .0600  .0083         

28,500  114.000    ;      .0760  .0150         Ultimate  fltreaKth. 

26,100    I ; Load    at    time    of 

,  fractore. 


General  summary. 


fhpeciflc  gravity , 7.»l: 

Harduesfi 24.26 

Tensile  strength  per  sqnare  inch  of  original  section ponnda. .      114,  v. 

Elasticlimitpersanareinoh  of  original  section do...       8L**x 

Elongation  per  inch  after  mptnre inch..    0.1(0 

Elongation  perinoh  under  strain  at  elastic  limit do...      .OKM 

Reduction  in  diameter  at  point  of  rupture do.. .      .  IM 

Reduction  in  area  after  rupture,  per  centum  of  original  section 33.6 

Position  of  rupture   l"froBiii«*'t 

•Character  of  broken  surfiace granular,  small  dull  spot  ".08  eceeotr,' 

Elongation  of  inch  sections ".07,  ".06,  ".06,  ".06,  ".12  (".26  fractared  seeti^si 


No.  294. 


Tension  test. 
Marks  on  bar,  B.  B.s — 2. 
Length,  6". 
Diameter,  ^'.664. 
Sectional  area,  .25  square  inch. 


Applied  loads. 

Elongation 
perBich. 

SucceaslTe 
elongation 
per  inch. 

Permanent 
set 

SucoessiTe 

Total. 

Per  square 
in%. 

pennanent            Beniarks. 

set. 

Pounds. 

250 

1,250 

2,600 

3,750 

5,000 

6.260 

7,500 

8,750 

10,000 

10,250 

10,500 

10,750 

11,000 

11.250 

11,500 

11,750 

12,000 

12,250 

12,500 

12,750 

13,000 

13,250 

13.500 

13,750 

14,000 

14,250 

14,600 

14,760 

16,000 

15,260 

16.500 

15,750 

Pounds. 
1,000 
6,000 
10,000 
16,000 
20,000 
26,000 
30,000 
35,000 
40,000 
41.000 
42,000 
43,000 
44.000 
46,000 
46,000 
47,000 
48,000 
49,000 
50,000 
61,000 
62,000 
68,000 
64,000 
66,000 
66.000 
•      67,000 
58,000 
50,000 
60,000 
61,000 
62,000 
68,000 

Insh. 
0. 

.000083 
.000250 
.000400 
.000667 
.000783 
.000900 
.001050 
.001217 
.  001217 
.001233 
.001283 
.001317 
.001860 
.001388 
.001400 
.001450 
.001483 
.001500 
.001660 
.001688 
.  001617 
.001650 
.001683 
.001733 
.001767 
.001800 
.001850 
.001900 
.001967 
.002033 
.  002117 

Inch, 

Inek. 
0. 
0. 
0. 
0. 
0. 
0. 

a 

0. 
0. 

Inch, 

Initial  load. 

.000083 
.000167 
.000150 
.000167 
.000166 
.000167 
.000150 
.000167 
0. 
.000016 
.000050 
.000034 
.000038 
.000038 
.000017 
.000050 
.000033 
.000017 
.000060 
.000033 
.000034 
.000033 
.000033 
.000050 
.000084 
.000033 
.000050 
.000050 
.000067 
.000068 
.000084 

0. 

1 

• 

0. 

.000038 

.000088 

1 
Elastic  limit.             { 

1 

* 

.000060 

.000017 
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Applied  loads. 

Slongation 
perTncb. 

Suocoeelve 

Snooeuive 

Bemarks. 

Total. 

Per  aqnare 
inob. 

eloDKation 
per  Inch. 

Permanent  p^^^^^^ 
^^              set 

Poundt. 
16,000 
16,250 
16.500 
16,750 
17,000 
17,250 
17.500 
17,750 
18.000 
18.250 
18.500 
18,750 
19.000 
19.250 
19.500 
19.760 
20,000 
20,600 
21,000 
21,500 
22,000 

Poundt. 
64,000 
65,00<k 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
73,000 
74,000 
76,000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88.000 

Inch. 

.002283 

.002450 

.002717 

.002983 

.  003517 

.004100 

.005117 

.005500 

.006250 

.006917 

.008000 

.009000 

.009600 

.010167 

.011133 

.012100 

.018100 

.0142 

.0167 

.0183 

.0200 

.0233 

.0260 

.vm 

.0808 
.0842 
.0875 
.0408 
.0467 
.0588 
.0700 
.0750 
.1067 

Inch. 

.000166 

.000167 

.000267 

.000266 

.000534 

.000663 

.001017 

.000383 

.000750 

.000667 

.001083 

.001000 

.000600 

.000567 

.000966 

.000967 

.001000 

.0011 

.0025 

.0016 

.0017 

.0083 

.0017 

.0085 

.0038 

.0084 

.0083 

.0088 

.0059 

.0066 

.0167 

.0060 

.0817 

Inch,            Inch. 

Micrometer  ramoYed. 

Load  at  time  of  ftac- 

tnre. 

.600388          .600833 

.002717 

.002334 

.006267 

.008550 

.010063 

.008816 

22. 500            00. 000 

23.000 

28,500 

24,000 

24,600 

25.000 

25,600 

26.000 

26,600, 

27,000* 

27,500 

28,000 

26,800 

92,000 

94,000 

96,000 

08,000 

100,000 

102,000 

144,000 

106,000 

108,000 

110,000 

112,000 

General  eummary. 

Tentileatrengthper  square  inch  of  original  section pounds..    112,000 

Elastic  limit  per  square  inch  of  original  section do 61,000 

Elongation  per  inon  after  rupture inch...  0.147 

Elongation  per  in<)h  under  strain  at  elastic  limit do 001967 

Beduotion  in  diameter  at  point  of  rupture do 084 

Beductlon  in  area  after  rupture,  per  centum  of  original  section 97.6 

Position  of  rupture ''.85  f)com  neck. 

Character  of  broken  surfisce granular,  dnU  spot  ".06  eccentric 

Elongation  of  inch  sections ".15,  ".14,  ".12,  ".12,  ".18  (".22  fraotoxed  section). 


SEx35491 
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No.  290. 

Tension  test 
IVfarks  on  bar,  B.  O.4 — 1. 
Liength,  6". 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 


AppUed  loads. 

Elongation 
perinch. 

Inch. 
0. 

.000150 
.  000317 
.000467 
.000583 
.000733 
.000900 
. 001067 
.001233 
. 001250 
.001283 
. 001317 
.  001350 
.001350 
.  001400 
.001417 
.001450 
.001483 
.001517 
.001567 
.  001583 
.001617 
.001650 
.001683 
.  001733 
.001750 
.001783 
. 001883 
.001867 
.  001900 
.  001917 
.001950 
.001983 
.002083 
.  002067 
.002100 
.002160 
.002283 
.002633 
.002933 
.003550 
.004417 
.  005317 
.006000 
.006650 
.007050 
.007933 
.008550 
.009600 
.0108 
.0126 
.0142 
.0168 
.0176 
.0192 
.0217 
.0233 
.0250 
.0283 
.0308 
.0325 
.0350 
.0400 
.0442 

Saocessive 
eloneation 
per  inch. 

Permanent 
set. 

Saooessive 

permanent 

set. 

Semarks. 

Total. 

Per  Boaaro 
inch. 

Pounds. 
250 
1,250 
2,500 
3,750 
5,000 
6,250 
7,500 
8,750 
10,000 
10,  250 
10.500 
10,750 
11,000 
11,250 
11,500 
11,750 
12,000 
12, 250 
12,500 
12,750 

13,  000 
13.250 
13,500 
13,750 

14,  COO 
14,250 
14.500 
14,760 
15,000 
15, 250 
15,500 
16,760 
16,000 
16, 250 
16,500 
16, 750 
17,000 
17,250 
17,  500 
17,  750 
18,000 
18,250 
18.600 
18,760 
19,000 
19,250 
19.500 
19,760 
20,000 
20,600 
21,000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 
25,000 
25,500 
26,000 
26,500 
27,000 
27.500 

Pounds. 
1.000 
5,000 
10.000 
15. 000 
20.000 
25,000 
30,000 
35,000 
40,000 
41,000 
42,  OOU 
43.000 
44,000 
45.000 

46.  000 

47,  000 
48.000 
49.000 
50,000 
51,000 
62,000 
53.000 
54,000 
56,000 
56.000 
57. 000 
58,000 
59.000 
60.0«)0 
61.  000 
62,000 
63.000 
64.000 
65. 000 
66.  000 
67.000 
68.000 
69,000 
70,000 
71,000 
72,000 
73,000 
74,000 
76,000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
06,000 
98. 000 

100,000 
102,000 
104,000 
106,000 
108,000 
110,000 

Inch. 

Inch. 
0. 
.000017 
.000017 
.  000017 
.000017 
.000017 
.  000017 
.  000017 
.000017 

Inch. 

"***oo6oi7"' 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

Initial  load. 

• 

ElastioUmit 
Micrometer  remored. 

.oooiso 

. 000167 
.000160 
.000116 
.000150 
.000167 
.000167 
.000166 
.000017 
.000033 
.000034 
. 000033 
0. 

.000050 
.  000017 
:  000033 
.  000033 
.000034 
.  000050 
.000016 
. 000034 
.000033 
.  000033 
.  000050 
.  000017 
.  000033 
.000050 
.000034 
.  000033 
.000017 
.000033 
. 000033 
.  0000.')0 
.000034 
.000033 
.000050 
.  000133 
.000350 
.  000300 
.000617 
.000867 
.000900 
.000683 
.000650 
.000400 
.000888 
.000617 

.ooioiso 

.0012 
.0017 
.0017 
.0016 
.0017 
.0017 
.0025 
.0016 
.0017 
.0038 
.0025 
.0017 
.0025 
.0050 
.0042 

:::::::::::::::::;:::::: 

.000017 

0. 

m 

W 

.000017 

0. 

.000017 

0. 

_• 

.000017 

0. 

.000050 

.000088 

.000400 

.000350 

.6083i7 

.002917 

...... ...... 

.006600, 

.003288 
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.  Applied  loads. 

Elonsatdon 
permch. 

Saocessive 
elonntion 
par  Inch. 

Permanent 
set 

Suooessive 
set 

Ineh. 

TotaL 

Persqnare 
Inok. 

Bemarks. 

Pound*. 
28,000 
28,500 
29,000 
29,360 
25,700 

Poundi. 
112,000 

JfUh. 

Ineh. 
.0058 
.0067 
.0116 
.0234 

IneK. 

114.000          .0567 
116.000          .0683 
117,400    !      .0917 

Ultimate  strens^th. 
Load  at    time    of 
fracture. 

........... 

1 

1 

General  aummary. 

Speoiflo  grayity 7.8S76 

Hardness 24.12 

Tensile  strenii^lh  per  square  inch  of  original  section poonds..       117, 40<^ 

Elastic  limit  per  sqaare  inch  of  orlginaisection do....        67,000^ 

Elongation  per  incn  after  roptare inoh..    0.123 

Elongation  per  inch  under  strain  at  elastic  limit do..       .002100 

Reduction  in  diameter  at  point  of  rupture do..      .  124 

Reduction  in  area  after  rapture,  per  centum  of  original  section 80. 2 

Position  of  rupture y.8fhim  neck. 

Character  of  oroken  surfkce granular,  radiating  from  a  dull  spot  ''.08  eooentric 

Elongation  of  inch  sections ".07,  ''.07,  ".09  ('°.26  fraotured  section).  ".17,  ".09l 

No.  296. 

Tension  test 
Marks  on  bar,  Bl  O4 — 2. 
Leigtb,  3''. 
Diameter,  '^664. 
Sectional  area,  .25  sqaare  inch. 


Applied  loads. 

Successive 
elonghtion 
per  inoh. 

Permanent 
set 

SnocessiTe 

permanent 

set 

Total. 

Per  souare 
incD. 

per  Inoh. 

Remarks. 

Poundt. 
250 
1,250 
2,500 
3,750 
6,000 
6,260 
7,500 
8,760 
10.000 
10,250 
10,500 
10.750 
11,000 
11,250 
11.500 
11,750 
12,000 
12,250 
12,500 
12,750 
13,000 
13,250 
13,500 
13.750 
14,000 
14.250 
14,500 
14,750 
15,000 
15  250 

Pottfub. 
1,000 
5,000 
10,000 
15,000 
20.000 
25.000 
30.000 
35.000 
40.000 
41.000 
42,000 
43,000 
44,000 
45,000 
46,000 
47.000 
48,000 
49,000 
50,000 
51,000 
52.000 
53,000 
54.000 
55,000 
56.000 
67,000 
58.000 
59.000 
60.000 
61.000 

«  62,000 

Ineh. 
0. 

.000067 
.000300 
.000433 
.000633 
.000700 
.000933 
.001033 
.001200 
.001233 
.  001300 
.001300 
.001333 
.001866 
.001433 
.001467 
.001467 
.001500 
.001533 
.001533 
.001567 
.001600 
.001633 
.001667 
.001733 
.001767 
.001800 
.001833 
.001900 
.002000 
.002067 

Inch. 

Ineh, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

IndL 

Tnitfal  )^wd. 

.000067 
.000233 
.000133 
.000200 
.000067 
.000233 
.000100 
.000167 
.000033 
.000067 

0. 

.000033 
.000033 
.000067 
.000034 

0. 

.000033 
.000033 

0. 

.000034 
.000033 
.000033 
.000084 
.000066 
.000034 
.000033 
.000033 
.000067 
.000100 
.000067 

1 

J 

1 

0. 

1 

1 

0. 

; 

.000088 

.000088 

1 

1 

.000038 

0. 

15,600 
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Applied  loads. 


Total. 


15.750 

16,000 

16.250 

16.500 

16.750 

17.000 

17.260 

17,500 

17,760 

18.000 

18,250 

18,500 

18,760 

19.000 

10.250 

10,600 

19,750 

20.090 

20,600 

21,000 

21.600 

22,000 

22,500 

23,000 

23.500 

24,000 

24.600 

26.000 

26,500 

26,000 

26.500 

27,000 

27,500 

28,000 

28,600 

29.000 

29,140 

26,100 


Per  aanare 


ElODfl 

perl 


ition  SaooesslTe 

ich.  I  elongation 

1    per  inch. 


^ound9. 

Jneh. 

63.0U0 

.002100 

64,000 

.002138 

65.000 

.002167 

06.000 

.002300 

67.000 

.002700 

68,000 

.003233 

69.000 

.004200 

70.000 

.004683 

71.000 

.005588 

72.000 

.006033 

78,000 

.006067 

74,000 

.007600 

75.000 

.008200 

76,000 

.008767 

77,000 

.009233 

78,000 

.000033 

79,000 

.011200 

80.000 

.011700 

82,000 

.012900 

84,000 

.014667 

86,000 

.016333 

88.000 

. 018167 

90,000 

.019700 

92,000 

.021867 

94.000 

.023800 

06.000 

.025733 

98,000 

.028183 

100,000 

.030738 

102,000 

.083400 

104,000 

.036888 

106,000 

.041167 

108,000 

.044733 

110.000 

.0533 

112,000 

.0583 

114,000 

.0683 

116,000 

.0867 

116,560 

.1100 

Inch. 

.000033 
.000033 
.000034 
.000133 
.000400 
.000533 
.000967 
.000633 
.000700 
.000500 
.000634 
.000833 
.000700 
.000567 
.000466 
.000800 
.001167 
.000500 
.001200 
.001667 
.001766 
.001834 
.001538 
.002167 
.001933 
.001988 
.002400 
.002600 
.002667 
.008433 


.008566 

.008567 

.0050 

.0100 

.0184 

.0283 


Permanent 
set. 


Jneh, 


.000133 


.002300 


.005467 


SnocessiTe 

permanent 

set 


Ineh. 


.000100 


.002167 


.008167 


.008166 


Remarks. 


Blastio  limit. 


>  Micrometer  remoTed. 


Ultimate  strensth. 
Load  at  time  of  nac* 
tore. 


General  summarjf. 

Tensile  strength  per  square  inch  of  original  section poonds..         116,660 

Blastio  limit  per  saukre  inch  of  originafaection do 66.000 

Elongation  per  inon  after roptare   inch..  0.167 

Sbngstion  per  inch  under  strain  at  elastio  limit do...         .002167 

Beduotion  in  diameter  at  point  of  raptnre .  104 

Reduction  in  area  after  inptare,  per  centum  of  seotion 88.6 

Position  of  rupture ".8  fhnnneok. 

Character  of  broken  surface granular,  radiating  from  a  dull  spot  at  center. 

Elongation  of  inch  sections '^09"  12  (''.26  fhMstured  section). 
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No.  288. 

Tension  test. 
Marks  on  bar,  E.  Cx — 1. 
Length,  6". 
Diameter,  ''.564. 
Sectional  area,  .25  square  incb.  . 


Applied  loads. 


I 


Total.    l^^lnX 


Elongation 
Personare     P^rmch. 


Pounds.  I 
250 
1,250    ' 
2,500    ' 
3,750 
5,000    I 
6,250    ! 
7,500 
8,750    ! 
10,000    I 
10,250    ' 
10,500    I 
10,750    I 
11,000    I 
11,250    I 
11,600    I 
11,750    I 
12,000 
12,250    , 
12,500 
12,750 
13,000 
13.250 
13,500 
13,750 
14,000 
14,250 
14,600 
14,750 
15,000 
15, 250. 
15,  500 
15,750 
16,000 
16,250 
16,500 
16.750 
17,000 
17,250 
17,600 
17,750 
18,000 
18,260 
18,600 
18,750 
19,000 
19,250 
19.500 
19,750 
20,000 
20,500 
21,000 
21,500 
22,000 
22,600 
23,000 
23,500 
24,000 
24,500 
25,000 
23,500 
26.000 
26,500 
27,000 
27.500 


Pounds. 
1,000 
5.000 
10,000 
15,000 
20,000 
25,000 
80,000 
35,000 
40,000 
41,000 
42,000 
43,  OUO 
44,000 
45,000 
46. 0<)0 
47, 000 
48, 000 
49,000 
60,000 
51,000 
62,000 
53,000 
54,000 
56,000 
56,000 
57,000 
58,000 
69,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
73,000 
74.000 
75,000 
76,000 
.77,  000 
78,000 
79, 000 
80.000 
82,000 
84,000 
86,000 
88.000 
90,000 
92.000 
94,000 
96,000 
98,000 
100,000 
102, 000 
104,000 
106,000 
108.000 
110,000 


Inch. 
0. 

.000117 
.000350 
.000500 
.000650 
.000817 
.  001017 
.001117 
.001267 
.001283 
.  001317 
.  001350 
.  001383 
.  001417 
.  001483 
.  001517 
.001560 
.401583 
.  001617 
.  001633 
.  001700 
.  001717 
.  001733 
.001750 
.001800 


Snccessive '  _ 
elongation  'l^ermanent 
per  inch.   '        ***• 


Snocessive  > 

permanent  I 

aet.       I 


Bemarka. 


.001867 
.  001917 
.001960 
.001983 
.  002017 
.002050 
.  002100 
.002183 
.002283 
.002450 
.002733 
.002983 
.003400 
.003867 
.004533 
.  005117 
.006033 
.006560 
.007200 
.006033 


.009700 

.010667 

I   .  0117 

I   .0133 

I   .0167 

I   .0183 

.0200 

<   .0225 

.0250 

.0267 

I   .0283 

.0317 

'   .0342 

'   .0375 

I   .0408 

I   .0467 

I   .0600 


Inch.       1  Inch. 
0. 

I^Uih.         1 

1 

. 000117 
.000233 
.000150 
.000150 
.000167 
.000200 
.000100 
.000150 
. 000016 
.000034 
.  000033 
.000033 
.000034 
.000066 
.000034 
000033 

.000033 
.000100 
.000117 
.000133 
. 000150 
.000150 
.000133 
.000133 

.000033 
.000067 
.000017 
.000016 
.000017 

0. 
.000017 

t). 

.000133 

0. 

.  000033 

.  000034 
000016 

.000133 

0. 

000067 

:'::::::;::::::::::::": 

000017 

.000016 

.000017 
000050 

.000183 

0. 

.000033 

.000034 



000060 

.000033 
.000083 

.  000133 

0. 

.000034 

.000033 

.000050 

.000083 
.000100 

.000200 

.000067 

.000167 

.000283 

.000260 

.000417 
.000467 



.  001100 

.000900 

.000666 

.000664 

.000916 

.000517 
.000650 

.008867 

.002767 

.000833 

.000850 

.  000817 

.000967 
.001033 

.007700 

.003883 

.0016 

.0034 

.0016 

.0017 

.0025 

.0025 

.0017 

.0016 

.0034 

.0025 

.0033 

.0088 

.0059 

.0033 

Initial  load. 


ElaaUo  limit. 


Hiorometer  re- 
moTed. 
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Applied  loads. 

Elongation 
per  inch. 

SncoeaalTe 

Permanent 
set. 

Jneh, 

Sncceseive 
■et 

] 
Bemarka. 

1    Total. 

1 

Per  sqoAre 
Inch. 

elongation 
per  inch. 

1  PoundM.      Pound*.    1      ItuOi, 
28.000    1      112.000    '      .0683 
28.600    '      114,000          .0687 
28,970    1      lis  Am    1      .aoi7 

Inch, 
.0083 
.0084 
.0260 

JftdL 

1 

Ultimate  strength.    ' 

Load  at  time  offrao-  i 

tare.                      1 

1 

25,800 

• 



. 

General  summary. 

Speoifio  gravlt; 7.8616 

Hardness 28.70 

Tensile  btrength  per  square  inch  of  orislnal  section pounds. .       116, 880 

Elastic  limit  per  square  inch  of  original  section do —         68,000 

Elongation  per  inco  after  rupture inch. .      0. 10 

Elongation  per  inch  under  strain  at  elastic  limit do 002050 

Reduction  in  diameter  at  point  of  rupture do 114 

Kednctionin  area  after  rupture,  per  oentnmof  original  section 86^4 

Position  of  rupture  ".66  from  neok. 

Character  of  broken  surface granular,  radiatlnc  firom  a  dull  spot  at  center  of  fractured  surface. 

Elongation  of  inchsecUons ''.07,  ".06,  ".06,  ".07,  ".08  <".26  fractured  section). 

No.  296. 

Tension  test. 
Marks  on  bar,  R.  0^ — 2. 
Length,  S'\ 
'  Diameter,  ".564. 
Sectional  area,  .25  sqnare  inch. 


Appli«fd  loads. 


Total. 


Per 


r  square 
incn. 


?ound$. 

Pound*. 

250 

1.000 

1,250 

6,000 

2,500 

10,000 

8,750 

15.000 

6,000 

20.000 

6,250 

25.000 

7,500 

30,000 

8,750 

36. 000 

10,000 

40,000 

10.250 

41.000 

10,500 

42,000 

10,750 

43,000 

11,000 

44.000 

11,250 

45,000 

11,600 

46.000 

11,750 

47,000 

12,000 

48.000 

12,250 

40.000 

12,500 

50,000 

12,750 

51,000 

13,000 

52,000 

18,260 

63,000 

13.600 

54,000 

13,750 

56,000 

14,000 

60.000 

14,250 

57,000 

14,000 

68.000 

14,750 

50,000 

16,000 

60,000 

15,250 

61,000 

16,500 

62,000 

"  8.  J 

Ex.  35- 

Elongation 
per  inch. 


Ineh. 


Successive 
elongation 
perlnch. 


Inch. 


.000133 

.000133 

.000333 

.000200 

.000433 

.000100 

.000667 

.000234 

.000700 

.000033 

.000033 

.000238 

.001033 

.  OCOIOO 

.001233 

.000200 

.001233 

0. 

.001267 

.000034 

.001300 

.000033 

.001300 

0. 

.001867 

.000067 

.001400 

.000033 

.001433 

.000038 

.001433 

0. 

.001487 

.000034 

.001467 

0. 

.001500 

.000033 

.001533 

.000083 

.001567 

.000034 

.001600 

.000033 

.001633 

.000033 

.  001783 

.000100 

.  001767 

.000034 

.001800 

.000038 

.001800 

0. 

.001838 

.000033 

.001900 
.001033 


-26 


.000067 


Permanent 
set. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Successive 

permanent 

set 


Remarks. 


Inch. 


.1  Initial  load. 

J 
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Applied  loads. 

Slonicatlon 
per  Inch. 

SaccessiTe 

Permanent 
set. 

Saooessive 

! 

TotaL 

Per  square 
inch. 

eloneation 
per  inch. 

permanent            Remarka. 
set. 

1 

1 

1  Poundt. 
15,750 
16.000 
18,250 
18.500 
18,760 
17,000 
17,250 
17,600 
17,750 
18,000 
18,250 
18,500 
18,750 
19,000 
19.250 
19.600 
10.760 
20,000 
20  500 

Pounds. 
88,000 
84.000 
85,000 
88,000 
87,000 
88,000 
69,000 
70,000 
71,000 
72.000 
73,000 
74,000 
75,000 
78,000 
77,000 
78.000 
70.000 
80.000 
tto  nrtn 

Inch. 

.001987 
.002000 
.002088 
.002238 
.002500 
.008038 
.008687 
.004438 
.005038 
.005867 
.008383 
.007300 
.008100 
.008800 
.000887 
.010483 
.011087 
.012387 
.014033 

Inch. 

.000084 
.000038 
.000033 
.000200 
.000287 
.000533 
.000884 
.000788 
.000600 
.000834 
.000688 
.000087 
.000600 
.000700 
.000567 
.001086 
.000634 
.001300 
nniiMfl 

Jneh. 

IfUSk. 

1 

ElasUc  limit. 

1 

0. 

1 

1 

1 

.002087 

.002087 

.006867 

.003800 

.009388 

.008988 

21,'  000            84. 000 
21.500            88,000 
22,000            ffitooo 

.015783    ,      .001700 
.017833    !      .002100 
.019900    '      .002067 
.022100          .002200 
.024100    1      .002000 
.  028700          .  a02«N) 

1 

1 

! 

2-4,500 
231000 
23.600 
24,000 
24,600 
25,000 
25,600 
28,000 
28.500 
27,000 
27,600 
28.000 
28,600 
28,820 
24,900 

90,000 
92,000 
94.000 
98,000 
98,000 
100,000 
102,000 
104,000 
108,000 
106, 000 
110,000 
112, 000 
114,000 
114,480 

1 

.029000 
.082100 
.085200 
.038887 
.043033 
.047500 

.002800 
.003100 
.003100 
.003187 
.004888 
.004487 

1 

Mtorometer  Twnored. 

mtimate  strength. 
Load  at  time  offtao- 
tore. 



.051687    1      .0041117 

.0587 
.0750 
.0987 
.1187 

.005038 
.0183 
.0217 
.0200 

Oeneral  eumfMtry. 

Tensile  strength  per  square  inch  of  original  section ponnds..        114^480 

Elastic  limit  per  sqaare  inch  of  originM  section do —         85^000 

Elongation  per  incli  after  mptare inch..      0.187 

Elongation  per  inch  nnder  strain  at  elastic  limit «. do 0080B 

Bednction  in  diameter  at  point  of  rnptnre do 1S4 

Eednotionin  area  after  mptare,  per  centom  of  original  section 39.2 

Position  of  raptare 1"  tnm  neck. 

Character  of  broken  sarihce granular,  dull  smoky  center. 

Elongation  of  inch  sections ".  09  ".  14  C'.  27  fractured  seetiona). 
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Ko.  291. 

Tension  test 
Marks  on  bar,  B.  D, — 1. 
Length,  6''. 
Diameter,  '^664. 
Sectional  area,  .25  square  inch. 


Applied  loads. 

Elongation 
per  Inch. 

Snooeaalve 

set. 

Sncoeaaive 
permanent 

set. 

Bemarks. 

Total. 

Per  sqaare 
inch. 

elongation 
per  inch. 

P<nmdM, 

250 

1,260 

2.500 

3,750 

5,000 

6.250 

7,500 

8,750 

10,000 

10,260 

10,600 

10,750 

11,000 

11,250 

11,500 

11,750 

Poundt. 
1,000 
6.000 
10,000 
15,000 
20,000 
26,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
46,000 
47,000 
48,000 
49,000 
60,000 
51,000 
52,000 
58,000 
64,000 
66,000 
66,000 
57.000 
58,000 
59,000 
60,000 
61,000 
02,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71.000 
72,000 
73,000 
74,000 
,  75.000 
76,000 
77,000 
78,000 
79,000 
80,000 
82.000 
84,000 
86,000 
88,000 
90,000 
02,000 
94,000 
06,000 
98,000 
100,000 
102,000 
104»000 
106.000 
108,000 
110,000 
112,000 

Inch. 
0. 

.000117 
.000283 
.000460 
.000600 
.000783 
.000900 
.001050 
.001188 
.  001217 
.001267 
.001300 
.001333 
.001367 
.001383 
.001417 
.001450 
.001500 
.00L650 
.001507 
.001588 
.001600 
.001633 
.001667 
.  001717 
.001733 
.001767 
.001800 
.001883 
.001883 
.  001917 
.001950 
.001968 
.002017 
.002100 
.002138 
.002167 
.002317 
.002517 
.002700 
.008088 
.003460 
.004088 
.004667 
.006167 
.005583 
.006117 
.006817 
.007700 
.0088 
.0100 
.0117 
.0133 
.0142 
.0158 
.0175 
.0192 
.0208 
.0233 
.0250 
.0275 
.0292 
.0826 
.0850 
.0888 

Jneh. 

ineh. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Inch. 

Initial  load. 
mcTometerremoTed. 

.000117 

.000166 

.000167 

.000160 

.000183 

.000167 

.000160 

.000133 

.000034 

.000060 

.000088 

.000088 

.000034 

.000016 

.000034 

.000088 

.000060 

.000050 

.000017 

.000016 

.000017 

.000033 

.000034 

.000050 

.000016 

.000034 

.000088 

.000088 

.000050 

.000034 

.000088 

.000033 

.000034 

.000068 

.000088 

.000034 

.000150 

.000200 

.000188 

.000888 

.000864 

.000583 

.000634 

.000500 

.000366 

.000584 

.000700 

.000683 

.0006 

.0017 

.0017 

.0016 

.0009 

.0016 

.0017 

.0017 

.0016 

.0025 

.0017 

.0026 

.0017 

.0088 

.0025 

.0088 

0. 

12.000 

12,250 
12,500 
12,750 
18,000 
13,250 
18,500 

a 

13,750 

0. 

14,000 
14,250 
14,500 
14.760 
15,000 
15,250 
16^500 
15,760 
16,000 
16,260 
16,600 
16,750 
17,000 
17,250 
17,600 
17,750 
18,000 
18,260 
18.500 
18,750 
19,000 
19,250 
19.600 
19,750 
20.000 
20.500 

0. 

.000017 

.000017 

.000817 

.000800 

.002088 

.001766 

.004760 

.002667 

21.000 

21,500 

1    22,000 
22,500 
28,000 
23,500 
24,000 
24,600 
26,000 
25,500 
26,000 
26,600 
27,0C0 
27,600 
28,000 
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Applied  loads. 


I 


Total. 


I  EloDKation 

inco.       ' 


t 

Sncceaajve  1  permanent '  Snccewiive 
elongation  i  ^«»™»"«'"^  permanent 
perlnch.  ,        »®^       '       set. 


Pounds,  I    Pounda. 


28,500 
20,000 
20,500 
80.000 
80,600 
80,580 
28,100 


114,000 
116,000 
118,000 
120,000 
122,000 
122.320 


Inch. 
.0417 
.0450 
.0533 
617 
0783 
.1000 


Inch. 
.0034 
.0083 
.0083 
.0084 
.0166 
.0217 


Ineh. 


Inch. 


Remarks. 


. ,  Ultimate  atrenicth. 
.'Load    at    time    of 
I     fracture. 


General  $ummary. 

Spedflc  gravity 7.85<S 

Hardneaa 26151 

Tensile  strength  per  square  inch  of  original  section ponnds..       122.39D 

Elastic  limit  per  sonare  inch  of  original  section do — .        68.000 

Elongation  per  inon  after  ruptnre inch..     ai07 

Elongation  per  inch  under  strain  at  elastic  limit do 002167 

BednctioD  in  diameter  at  point  of  mptare do OM 

Reduction  in  area  after  rupture,  per  centum  of  original  section 30.8 

Position  of  rupture ".8  tmm  Deck. 

Character  of  oroken  surface granular,  radiating  from  a  dull  spot  at  center  of  fhkotured  snrfiM^e. 

Elongation  of  inch  sections ".07,  ''.OO,  ''.09,  ".08,  ".00  (".22  ftiictared  section). 

No.  297/ 
Tension  test 


Marks  on  bar,  B.  Dj — 2. 

Length,  3''. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Per  square 


Poundt. 
250 
1,250 
2,500 
3,750 
6,000 
6.250 
7,500 
8,750 
10.000 
10,250 
10.500 
10,750 
11,000 
11,250 
11,500 
11.750 
12.000 
12,250 
12.500 
12,760 
13.000 
13,250 
18,500 
13,750 
14,000 
14,250 
14,500 
14,750 


sous 

QCh. 


inch. 


Pounda. 
1,000 
5,000 
10,000 
15,000 
20,000 
25.000 
30.000 
35,000 
40,000 
41,000 
42,000 
43, 000 
44,000 
45.000 
46,000 
47,000 
48,000 
40,000 
50,000 
51,000 
52.000 
53.000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 


i  Successive  1 1 


Elongation  °SSvS ««    Permanent 


I  Successive  , 

permanent 

set.        I 


Ineh. 


.000267  , 

.000438  I 

.000633  ' 

.000767  I 

.000967  I 
.001083 
.001233 
.001267 

.001800  I 

.001333  I 
.001867 

.001400  . 

.001400  ; 

.001433  I 

.001467  I 

.001500  ; 

.001500  I 
.001567 

.001600  I 

.001688  ; 

.001667 

.001700  1 

.001767  I 

.001800  I 

.001838  I 


.001867 


Ineh. 


I 


.000067 
.000200 
.000166 
.000200 
.000184 


I 


.000066 

.000200 

.000084  I.... 

.000033  I.... 

.000088  I.... 

.000034  1.... 

.000033  '  0. 
0.       I.... 

.000033  I.... 

.000084  I.... 

.000033  [.... 
0.       I  0. 

.000067 

.000033 

.000038 

.000034 

.000038 

.000067 

.000038 

.000033 

.000034 


I  Ineh. 

0. 
I  0. 

I  ®- 

®- 

I  0. 

i  0. 
0. 


0. 


Remarks. 


Ineh. 


.1  Initial  load. 
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Applied  loAda. 


Total. 


Per  square 
incn. 


PoundM. 
15,000 
15.250 
15,500 
16,760 
16,000 
16,250 
16,600 
16,750 
17,000 
17,250 
17,500 
17,750 
18,000 
18,250 
18,500 
18,750 
19,000 
19,250 
19.500 
19,750 
30,000 
20,600 
21,000 
21,600 
•22,000 
22.500 
23,000 
28,600 
24,000 
24,500 
25,000 
25,600 
26,000 
26,500 
27.000 
27,500 
28,000 
28,500 
29,000 
29,500 
80,000 
80,500 
80.850 
27,500 


I 


Pounda. 

60,000 

61.000 

62,000 

63,000 

64,000 

65,000 

66,000 

67,000 

68,000 

69,000 

70,000 

71,000 

72.000 

78,000 

74,000 

75,000 

76,000 

77, 000 

78,000 

79,000 

80,000 

82.000 

84,000 

86,000 

88,000 

90,000 

92,000 

94,000 

06,000 

98,000 

100,000 

102,000 

104,000 

106,000 

108,000 

110, 000 

112, 000 

114.000 

116,000 

118,000 

120,000 

122,000 

123,400 


Elongation 
per  inch. 

Snoceasive 
elongation 
per  inch. 

1 

Permanent 
set. 

SnccesaiTe 

permanent     Bemarka. 
aet. 

Ineh. 
.001900 

Ineh. 

.000033 

.000033 

.000034 

.000088 

.000033 

000034 
!  000100 
.000033 
.000033 
.000067 
.000300 
.000267 
.000633 
.000367 
.000733 
.000367 
.000700 
.000366 
.000667 
.000483 
.OOOCOO 
.001434 
.001800 
.001633 
.001333 
.001534 
.001466 
.001334 
.001666 
.001667 
.002000 
.001900 
.002333 
.002834 
.002333 
.003067 
.003100 
.004333 
.0074 
.0067, 
.0066' 
.0167 
.0833 

Inch, 
0. 

Inch. 

.001933 

.001967 

.002000 

.  002083 

.002067 
.002167 

.000033 

.000038 

.002200 

.002283 

Elaatic  limit. 

.002300 

.002600 
.002867 

.000400 

.000367 

.'J03400 

.003767 

.004500 

.004867 
.005567 

.002300 

.001900 

.005933 

.006600 

.007033 

.007833 
.009267 

.006083 

.002733 

.010567 

.012200 

.013583 

.016067 

.010583 

. 017867 

.010533 

1 

.021200 

.023200 

.025100 



.027438 

Micrometer  removed. 

Ultimate  atrongth. 
Load  at  time  of 
fracture. 

.029767 

.  032100 

.035167 

.038267 

1 

.042600 

.0500 

.0567 

1 

.0633 

.0800 

.1133 

i 

General  summartf. 

Tenaile  strength  per  square  inch  of  original  section ponnds..    123,400 

Elastic  limit  per  sanare  inch  of  original  section do  ...      69, 000 

Elongation  per  incn  after  rapture inch..         0.15 

Elongation  per  inch  under  strain  at  elastic  limit do...    .002300 

Reduction  in  diameter  at  point  of  rupture do . . .         .104 

Reduction  in  area  after  rupture,  per  centum  of  original  section 38.6 

Position  of  rupture ".9  from  neck. 

Character  of  broken  sur&ce granular,  dull  smoky  center. 

Elongation  of  inch  sections ''.09  ".18  (''.23  fractured  section). 
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WHITWORTH  STEEL  FROM  TUBE  OF  MANN  GUN, 
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No.  298. 

Tension  test. 

Mark  od  bar,  ^V  • 

Length,  2", 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


{Per  aanare 
in  on. 


Eloneatioii 
perlnob. 


SaoooMive 
eloagation 
per  inoh. 


Permanent 


SaccoMive 

permanent 

set. 


Bemarks. 


Poandi. 
250 
1,250 
2,500 
3,750 
5,000 
0,250 
7,500 
8,760 
10,000 
10.250 
10,600 
10,750 
11.000 
11,250 
11,500 
11,750 
12.000 
12,250 
12,600 
12,750 
13,000 
13,260 
18,600 
13,750 
14,000 
14,250 
14,500 
14,750 
15,000 
15,250 
16.600 
16,750 
16.000 
10,250 
10,500 
16,750 
17,000 
17,250 
17,600 
ia.000 
18,600 
19,000 
10,500 
20,000 
20,500 
21,000 
21,500 
22.000 
22,500 
28,000 
23,500 
24,000 
24,500 


Pound$. 
1,000 
6,000 
10,000 
16,000 
20,000 
25,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
40,000 
47,000 
48,000 
49,000 
50,000 
51,000 
62,000 
53,000 
64,000 
55,000 
66,000 
57,000 
68.000 
59,000 
60,000 
61,000 
02,000 
03,000 
64,000 
65.000 
66,000 
67,000 
68,000 
60.000 
70.0U0 
72,000 
74,000 
76.000 
78,000 
80,000 
82,000 
84,000 
80,000 
88,000 
90,000 
92,000 
94,000 
06,000 
98,000 


Ineh. 
0. 

.000200 
.000400 
.000700 
.000750 
.001000 
.001150 
.001200 
.001400 
.001600 
.001500 
.001550 
.001550 
.001600 
.001600 
.001650 
.001700 
.001750 
.001800 
.001900 
.001950 
.002000 
.002100 
.002200 


.002400 
.002560 
.002700 
.002950 
.008200 
.003600 
.004000 
.004750 


.006000 

.000600 

.007500 

.008350 

.000500 

.010050 

.013600 

.015250 

.017160 

.019400 

.021850 

.024400 

.027150 

.030000 

.088560 

.0850 

.0375 

.0450 

.0560 


ifMA. 


.000200 
.000300 
.000060 
.000250 
.000150 
.000050 
.000200 
.000100 

0. 
.000050 

0. 
.000060 

0. 
.000060 


Inch, 

0. 

0. 

.000050 
.000100 
.000150 
.000150 
.000150 
.000150 
.000150 


Inch. 


Initial  load. 


.000060 
.000050 
.000060 


.000150 


.000050  I 

.000060  I 

.000100 

.000050 

.000050 

.000100 

.000100 

.000160 

.000050 

.000150 

.000150 

.000250 

.000250 

.000400 

.000400 

.000750 

.000460 

.000800 

.000600 


.000250 


.000460 


.001100 


.000850 

.001150 

.001450 

.0U2660 

.001750 

.001900 

.002260 

.002450 

.002660 

.002750 

.002850 

.003550 

.001450 

.0025 

.0076 

.0100 


.002960 


.000100 


Blastlc  limit. 


.000650 


.001860 


'  Micrometer  remored. 
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Applh 
Total. 

Ml  loads. 

Per  square 
ln<ni. 

Elooffatloii 
per  inch. 

Saooessive 
elongation 
perlnch. 

Permanent 
set. 

Ineh. 

Snooeeslve 

permanent 

set. 

JffieA. 

Remarke. 

JPoufub. 
1    25,000 
25,500 
25.»80 
28,000 

PoundM. 
100,000 
102,000 
103,820 

Ineh. 
.0050 
.0775 
.1200 

Ineh. 
.0100 
.0125 
.0425 

Load    at    time    of 

1 

ruptnre. 

Creneral  Bummary. 

Tensile  strength  persqnare  ineh  of  original  section poonds. .       103,  tSS 

Elastic  limit  per  square  inch  of  originalsection do...         5S,000 

Elongation  per  inch  after  rupture inch..         0-1555 

Elongation  perlnch  under  strain  at  elastic  limit do...  .0036 

Bednction  in  diameter  at  point  of  rupture .004 

Beduotion  in  area  after  ruptnre,  per  centum  of  original  section 30.8 

Position  of  rupture |  inch  flnom  neelc. 

Character  of  broken  surface flue  granular,  silvery  luster,  with  small  dull  spot  at  ceater. 

No.  299. 
Tension  test 


Mark  od  bar,  ^\'^- 

Length,  2". 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 

ToUl. 

\  Per  square 
1      inch. 

Pounds. 

Poundt. 

250 

1,000 

1.250 

>         5,000 

2,500 

10,000 

3,750 

15,000 

5,000 

20,000 

0,250 

25,000 

7,500 

1        30,000 

8,750 

1        85,000 

10,000 

40,00? 

10,250 

41,000 

10,500 

42,000 

10,750 

48,000 

11,000 

44,000 

11.250 

45,000 

11,600 

40,000 

11,750 

'        47,000 

12,000 

48,000 

12,250 

40,000 

12,500 

60,000 

12.750 

51.000 

18,000 

52,000 

18,250 

58,000 

13.500 

54,000 

18,750 

55,000 

14.000 

1        58,000 

14,250 

57,000 

14.600 

I        58.000 

14.750 

I        50,000 

15,000 

00,000 

15,250 

1        01,000 

15.500 

,        02,000 

15,750 

08,000 

10,000 

04,000 

Elongation 
per  inch. 


Ineh. 
0. 

.000100 
.000350 
.000000 
.000700 
.000800 
.001050 
.001250 
.001500 
.001550 
.001600 
.001650 
.001700 
. 001760 
.001800 
.001850 
.001900 
.001050 
.002000 
.002150 
.002250 
.002800 
.002400 
.002500 
.002700 


Successive  i  t>^--„.„^„* 
elongation  ^*™t°«°* 
per  inch.  ■*'• 


.002000 
.008050 
.008200 
.008550 
.004050 
.004250 
.005050 


Inch. 

0. 

.000100 
.000250 
.000250 
.000100 
.000200 
.000150 
.000200 
.000250 
.000050 
.000050 
.000050 
.000050 
.000050 
.000050 
.000050 
.000050 
.000050 
.000050 
.000150 
.000100 
.000050 
.000100 
.000100 
.000200 
.000100 
.000100 
.000150 
.000150 
.000350 
.000500 
.000200 
.000800 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

.000050 
.000050 


Succ«wsive 
permanent 


Ineh. 


.000050 


Remarks. 


Initial  load. 


.000150 

.000100 

1 

1 

.000300  1    .o66i5o 

.000350 

.000050 

^v.v.'.'.'.v.y.y... ....... 

.000750    i      .000400 

Elastic  limit 


.001300 


.000560 
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Applied  loadB. 


Total. 


Pounds, 
16,250 
10,500 
16,750 
17,000 
17,250 
17,500 
18,000 
18,500 
19,000 
10,500 
20,000 
20,900 
21,000 
21,500 
%,000 
22,500 
28,000 
23,500 
24,000 
24.500 
25,000 
25.500 
25,600 
28,800 


I 1  Elongation 

Peraanare    P^'i^ch. 
incn. 


Poundt. 
66,000 
66,000 
67,000 
68.000 
60,000 
70,000 
72.000 
74,000 
76,000 
78,000 
80,000 
82,000 
84.000 
86,000 
88,000 
00,000 
02,000 
04.000 
06,000 
08,000 
100,000 
102,000 
102,760 


per  inch.    ,        •**• 


Inch. 

.006700 

.006250 

.006900 

.007950 

.008600 

.000800 

.011300    I 

.013400    I 

.015600 

.017660 

.020050 

.022050 

.024800    i 

.028000    I 

.081000    I 

.034800    I 

.0400        I 

.0450        I 

.0500 

.0575 

.0700        I 

.0850 

.1200 


Inch.      1 

.000650    ! 

.000550 

.000660 

.001050 

.000650 

.001200 

.001500    , 

.002100    I 

.002100 

.002150 

.002400    , 

.002000    ; 

.002750    I 

.008200    I 

.003000 

.008800 

.0052 


Inch. 
.008850 


SaooeMlve ! 

pemument  \ 

set 


Remarks. 


IfUh. 

.002050 


.007250 


.0050 
.0075 
.0125 
.0150 
.0350 


I- 


Bested  onder  initial 
load  one  hour. 


Micrometer  re- 
moved. 


Ultimate  strength. 
Load  at  time  of 
rapture. 


General  summary. 


liflo  gravity., 
krdness  . 


Spec! 
Hard 

Tensile  strength  per  square  inch  of  original  section pounds 

Elastic  limit  per  souare  inch  of  original  section do. 

Elongation  per  incn  after  rapture '. Inch 

Elongation  per  inch  ander  strain  at  elastic  limit do . 

Reduction  in  diameter  at  point  of  ruptare do. 

Reduction  in  area  after  rapture,  per  centum  of  original  section 33.6 

Position  of  rupture i  inch  from  neck. 

Character  of  broken  surface fine  granular,  silvery  luster ;  dull  spot,  at  circumference 

of  the  ruptured  surface. 


7.8687 

24.12 

102,760 

54,000   . 

0.1676 

.0024 

104 


No.  300. 
Tension  test. 


Mark  on  bar,  ^V  • 

Length,  2". 

Diameter,  '^564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


TotaL 


Per  square 
inon. 


Elongation  ISjw^JSjje 
perSch.   r^^^"^ 


Poundt. 

Poundt, 

Inch, 

Inch. 

250 

1,000 

a 

0. 

1,250 

6,000 

.000100 

.000100 

2,500 

10,000 

.000200 

.000100 

8,760 

15,000 

.000450 

.000260 

5,000 

20,000 

.000550 

.000100 

6,250 

25,000 

.000600 

.000050 

7,500 

80,000 

.000800 

.000200 

8,750 

86,000 

.001000 

.000200 

10,000 

40,000 

.001200 

.000200 

10,250 

41,000 

.001250 

.000050 

10,500 

42,000 

.001300 

.000050 

10,750 

43,000 

.001800 

0. 

Permanent 
set. 

Soooessive 
set. 

Remarks. 

Inch. 
0. 
0. 

Ineh. 
0. 

Initial  load. 

I 

0, 
0, 
0. 
0. 
0. 

1 
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No.  301. 

Tension  test. 
Mark  on  bar,  ^^y- 
Length,  2". 
Diameter,  ."564. 
Sectional  area,  .25  square  inch. 


411 


Applied  loads. 


Poundi, 
230 
1,250 
2,500 
8,760 
5,000 
6.250 
7,500 
8,750 
10,000 
10,250 
10,500 
10,750 
11.000 
11,250 
11,500 
11.750 
12,000 
12,250 
12,500 
12,750 
13.000 
13,250 
13,500 
13,750 
14.000 
14.250 
14,500 
14,750 
15,000 
15,250 
15,500 
15,750 
16,000 
16,250 
16,500 
16.750 
17,000 
17,250 
17.500 
18.000 
18.500 
10,000 
10.500 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23.000 
23.500 
24,000 
24,500 


Elonsation 

Per  square    P«'l«>o>»- 
inch. 


PoundM. 
1.000 
5,000 
10.000 
15.000 
20,000 
25.000 
30,000 
35,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
48,000 
40,000 
50.000 
51.000 
52,000 
53,000 
54.000 
55.000 
56.000 
57,000 
58,000 
50,000 
60,000 
61.000 
62.000 
63.000 
64,000 
65,000 
66.000 
67.000 
68.000 
60,000 
70,000 
72,000 
74,000 
76.000 
78.000 
80.000 
82,000 
84,000 
86.000 
88,000 
00,000 
02,000 
94,000 
06,000 
08,000 


Ineh. 
0. 

.000050 
.000200 
.000600 
.000500 
.000600 
.000800 
.001000 
.001100 
.001100 
.001150 
.001150 
.001200 
.001250 
.001300 
.001350 
.001400 
.001450 
.001500 
.001600 
.001650 
.001700 
.001750 
.001800 
. 002100 
.002250 
.002350 
.002500 
.003100 
.003500 
.004000 
.004550 
.005450 
.005050 
.006950 
.007550 
.008800 
.009850 
.010450 
.  012150 
.014000 
.016250 
.018250 
.020600 
.022600 
.025600 
.028150 
.030700 
.034600 
.038300 
.043200 
.048200 


I 


Saooessire 
eloDgation 
perlncb. 


Permanent 


Sacceesire 

permanent 

set 


.000100 


.000300 


Inch.  Ifi«&. 

0. 

.000050 

.000150 

.000100 

.000200 

.000100 

.000200 

.000200 

.000100 
0. 

.000050 
0. 

.000050 

.000050 

.000050 

.000050 

.000050 

.000050 

.000050 

.  000100 

.000350 

.000050 

.000050 

.000050  ' 

.000800  I 

.000150 

.000100  I 

.000150  I 

.000600 

.000400  I 

.000500  < 

.000650 

.0009U0  • 

.000500 

.001000 

.000600  I 

.001050  , 

.000760  I 

.001100    .  0U7S50 

.001700   

.001850 

.002260 

.002000   

.002350  i 

.002000  ; 

.008000  I 

.002550  I 

.002550  I 

.003900  I 

.003700  I  

.004900   

.005000  1 

.0043   1 


IndL 


000100  I   .000100 


.001300 


.000200 


.001000 


.003850 


.004000 


Remarks. 


Initial  load. 


Elastio  Umit. 


Micrometer  removed. 
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Applied  loads. 


ToUL 


PoundM. 
12,000 
12,250 
12,500 
12,750 
13,000 
18,250 
13,600 
13,750 
14,000 
14,250 
34,500 
14,750 
15,000 
15,250 
15,600 
15,750 
18,000 
16,260 
16,500 
16, 750 
17,000 
17,250 
17.500 
18,000 
18,500 
19,000 
19,600 
20.000 
20,500 
21,000 
21,500 
22,000 
22.500 
23,000 
28,500 
24,000 
24,600 
25,000 
25,110 
23,300 


Per  square 


PoundM. 
48,000 
49.000 
50,000 
51,000 
62,000 
53,000 
54,000 
65,000 
66.000 
67,000 
68,000 
59,000 
60.000 
61,000 
62,000 
63,000 
04,000 
65,000 
66,000 
67,000 
68,000 
09,000 
70,000 
72,000 
74.000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
96,000 
100.000 
100, 440 


Elongation 
perincli. 


.001650 
.001700 
.001750 
.001800 
.001850 
.001900 
.002050 
.002350 
.002650 
.002950 
.003450 


.004550 

.005400 

.005960 

.006650 

.007700 

.008850 

.009800 

.009900 

.  011050 

.  011750 

.012900 

.014800 

.016000 

.019000 

.021450 

.023700 

.026450 

.029550 

.032750 

.086450 

.089950 

.045460 

.051460 

.0600 

.0700 

.0900 

.1160 


SacceMlre 
elongation 
per  incli. 


Inch. 

.000050 

.000060 

.000050 

.000050 

.000050 

.000050 

.000160 

.000300 

.000300 

.000300 

.000500 

.000500 

.000600 

.000850 

.000S60 

.000700 

.001050 

.000650 

.000950 

.000600 

.001150 

.000700 

.001150 

.001900 

.002100 

.002100 

.002450 

.002250 

.002750 

.003100 


.003700 
.003600 
.005600 
.006000 
.006550 
.0100 


Permanent 
oet. 


Inch, 

'.'oodaoo' 


.002600 


.006000 


. 010260 


Saooesaive 

permanent 

aet. 


Ineh, 


.000150 


.000400 


.002000 


.008400 


.004260 


Remarks. 


Elastic  Umit. 


Micrometer  remoyad. 


Ultimate  strength. 
Load  at    time  of 


raptare. 


General  Bummary, 

Tensile  strength  per  square  inch  of  original  section pounds..  100^440 

Elastic  limit  per  square  inch  of  original  section do...    SS,009 

Elongation  per  inch  after  rupture inch..    OuI635 

Elongation  per  inch  under  strain  at  elastic  limit do...      .0019 

Seduction  in  diameter  at  point  of  rupture do...      .104 

Reduction  in  area  after  rupture,  per  centum  of  original  section 88.6 

Position  of  rupture I  Inch  from  neclc 

Character  of  broken  surface fine  granular,  silvery  luster,  dull  center. 


TESTS    OP   IRON   AND   STEEL   AND   OTHER   MATERIALS.      415 

CAST  IRON  FROM  BREECH  DISK  OF  10"  WIRE-  WO  UND  G  UN. 
iFrom  South  Boston  Iron  Works.] 

No.  308. 

Tension  test 
Mark  on  bar,  4. 
Leogth,  2(y'. 
Diameter,  V\129. 
Sectional  area,  1  square  inch. 


AppUed  loads. 

Elonsation 
per  inch. 

Saooessire 
elonntion 
per  inch. 

Permanent 
set. 

Snooessive 

permanent            Remarks, 
set. 

TotaL 

PersqnAre 
inch. 

Potmdt, 

Foundi. 

Ineh. 

Ineh. 

Inch. 

Inch.      1 

500 

500 

a 

0. 

0. 

0. 

Initial  load. 

1,000 
2.000 

1.000 
2,000 

.000015 

.000015 

0. 

.000060 

.000045 

0. 

3,000 

MOO 
4,000 

.000110 

.000050 

0. 

4,000 

.000180 

.000050 

0. 

5.000 

5.000 

.000220 

.000060 

.000005 

.000005 

0,000 

8,000 

.000200 

.000040 

.000010 

.000005 

7.000 

7,000 

.000310 

.000050 

.000010 

0. 

8,000 

8.000 

.000860 

.000050 

.000010 

0. 

9,000 

9,000 

.000425 

.000065 

.000025 

.000015 

10,000 

10,000 

.000490 

.000065 

.000040 

.000015 

11,000 

11,000 

.000545 

.800055 

.000045 

.000005 

12.000 

12,000 

.000610 

.000065 

.000045 

0. 

18,000 

18,000 

.000650 

.000040 

.000055 

.000010 

14,000 

14,000 

.000720 

.000070 

.000060 

.000005 

15,000 

15.000 

.000795 

.000075 

.000065 

.000005 

Elastio  limit. 

18,000 

18.000 

.000870 

.000075 

.000090 

.000025    ' 

17.000 

17,000 

.000945 

.000075 

.000100 

.ooooto   1 

18.000 

18.000 

.001035 

.000090 

.000135 

.000035 

19,000 

19,000 

.001125 

.000090 

.000150 

.000015 

20,000 

20,000 

.001225 

.000100 

.000190 

.000040 

21,000 

21.000 

.001320 

.000095 

.000220 

.000030 

22,000 

22,000 

.001445 

.000125 

.000270 

.000050 

28.000 

28.000 

.001556 

.000110 

.000820 

.000050 

94.000 

24,000 

.001710 

.000156 

.000300 

.000070 

25,000 

25,000 

.001880 

.000170 

.000490 

.000100 

28.000 

26.000 

.002015 

.000185 

.000550 

.000060 

27,000 

27.000 

.002250 

.000285 

.000695 

.000145 

28.000 

28.000 

.002540 

.000290 

.000900 

.000205 

29,000 

98.000 

.002800 

.000860 

.001185 

.000285 

29.120 

29.120 

Ultimate  strength. 

General  eummary. 

Tensile  strength  per  square  inch  of  original  seotlfm ponnds..       29,120 

Blastic  limit  per  square  inch  of  original  section do  ...       15,000 

Sbngation  per  inch  under  strain  at  elastio  limit inch..    0.000795 

Posinonof  rupture 2"  from  middle. 

Charaoter  of  broken  surface coarse  granular. 


X^U.    KfVdH, 


Campresman  test 
Marks  on  bar,  7. 
Length,  12". 
Diamfiter,  1".129. 
Sectional  area,  1  square  inch. 


Applied  loadft. 

To^   ;^"inX" 

Compreft- 

ftlon  per 

inch. 

SoccMdre 
'   compres- 
sion  per 
inch. 

Permuieiit 
Set. 

Saooee- 
siTeper- 
nuuient 

aet. 

1 
BoBttrks. 

1 

Pound*. 

Pound*. 

Inch. 

Ineh. 

Inek. 

Indk. 

600 

500 

0. 

\    0- 

0. 

0. 

Initial  load. 

1.000 

1.000 

.000030 

1      .000030 

0. 

2.000 

2,000 

.000090 

.000060 

0. 

3.000 
4.000 
5.000 

3,000 
4,000 
5.000 

.000130 

.000040 

0. 

.000190 

.000060 

0. 

.000230 

.000040 

0. 

;;•;;;;;■. 

6^000 

6^000 

.000290 

.000060 

0. 

TJOOO 
8.000 

tIooo 

8,000 

.000330 

.000040 

0. 

.000390 

1      .000060 

.000080 

.000030 

9.000 

9,000 

.000430 

'      .000040 

.000030 

0. 

10.000 

10,000 

.000500 

,      .000070 

.000040 

.000010 

11,000 

11,000 

.000550 

!      .000050 

.000050 

.000010 

13,000 

12,000 

.000600 

.000050 

.000070 

.000020 

18.000 

18.000 

.000680 

.000080 

.000080 

.000010 

14.000 

14.000 

.000710 

.000080 

.000090 

.000010 

15.000 

15.000 

.000770 

1      .000060 

.000100 

.000010 

16,000 

16.000 

.000840 

,      .000070 

.000100 

0. 

17,000 

17,000 

.000900 

.000060 

.000100 

0. 

18,000 

18,000 

.000980 

1       .000080 

.000110 

.000010 

19,000 

19,000 

.001040 

.000060 

.000120 

.000010 

20.000 

20,000 

.001100 

1      .000060 

.000180 

.000010 

21,000 

21,000 

.001180 

'       .000080' 

.000150 

.000020 

22,000 

22,000 

.OOIMO 

.000060 

.000180 

.000030 

28,000 

28.000 

.001320 

,      .000080 

.000190 

.000010 

24,000 

24,000 

.001390 

.000070 

.000200 

.000010 

26,000 

25.000 

.001480 

.000090 

.000240 

.U00040 

Peraeptible  deflec- 

26,000 

26,000 

.001570 

ioooooo 

.000290 

.000050 

tion. 

27,000 

27,000 

.001650 

.000080 

.000310 

.000020 

28,000 

28,000 

.001760 

.000100 

.000380 

.000070 

29,000 

29,000 

.001860 

.000110 

.000410 

.000080 

30.000 

80,000 

.001970 

.000110 

.000490 

.000080 

31.000 

81,000 

.  002110 

.  000140 

.000380 

.000090 

82,000 

32,000 

.002290 

.000180 

.000680 

.000100 

33,000 

83,000 

.002440 

.000150 

.000790 

.000110 

84,000 

34.000 

.002640 

.000200 

.000030 

.000140 

35,000 

35,000 

.002930 

.000290 

.001150 

.000220 

86,000 

36,000 

.003130 

.000200 

.001330 

.000180 

37,000 

37,000 

.008460 

.000330 

.001600 

.  000270 

38,000 

38,000 

.003780 

.000320 

.001860 

.000260 

39,000 

39,000 

.004150 

.000370 

.W2im 

.000820 

40,000 

40,000 

.004540 

,      .000890 

.002530 

.000390 

Mierometerivmared. 

52.140 

52,140 



intimate  stranietlL 

; 



Failed  by  triple  flexure. 
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No.  366. 


Mark  on  bar,  11. 
Iiength,  11^^66. 
Diameter,  l'M29. 
Sectional  area,  1  square  inch. 


Compression  test 


Applied  loads. 

Compres- 
sion per 
inch. 

Saccessive 

oompres- 

slon  per 

incb. 

Permanent 
set. 

SaooessiTe 
set. 

Remarks. 

Total 

Per  square 

PoundB 

PoundM. 

IfyOL 

Inch. 

Ineh. 

iMk. 

600 

500 

0. 

0. 

0. 

0. 

Initial  load. 

1,000 
2.000 
8.000 
4.000 

1.000 
2,000 
3.000 
4.000 

.000018 
.000086 
.000072 
.000109 

.000018 
.000018 
.000036 
.000037 

0. 
0. 

1!:     • 

5,000 

5.000 

.000145 

.000036 

.000018 

■".'ooooii" 

8,000 

6.000 

.000217 

.000072 

.000018 

0. 

7,000 

7,000 

.000258 

.000086 

.000018 

0. 

a,  000 

8,000 

.000288 

.000036 

.000618 

0. 

9,000 

9.000 

.000325 

.000086 

.000018 

6. 

10,000 

10,000 

.000361  • 

.000036 

.000018 

0. 

11,000 

11.000 

.000415 

.000054 

.000036 

.000018 

12,000 

12.000 

.000458 

.000088 

.000036 

0. 

18,000 

13,000 

.000525 

.000072 

.000036 

0. 

14,000 

14.000 

.000561 

.000086 

.000036 

0. 

IS,  000 

16.000 

.000597 

.000036 

.000036 

0. 

10,000 

16.000 

.000651 

.000054 

.000054 

.000018 

17.000 

17,000 

.000705 

.000054 

.000054 

0. 

18.000 

18.000 

.000759 

.000054 

.000054 

0. 

1^000 

19,000 

.000831 

.000072 

.000072 

.000018 

20.000 

20.000 

.000935 

.000104 

.000072 

0. 

21,000 

21.000 

.000971 

.000086 

.000072 

0. 

22,000 

22,000 

.001025 

.000054 

.000072 

0. 

23,000 

23.000 

.001071 

.000046 

.000091 

.000019 

24,000 

24.000 

.001107 

.000036 

.000109 

.000018 

25,000 

25.000 

.001161 

!  000054 

.000127 

.000018 

26.000 

26,000 

.001233 

.000072 

.000163 

.000036 

27,000 

27.000 

.001805 

.000072 

.000181 

.000018 

28,000 

28.000 

.001359 

.000054 

.000199 

.000018 

29,000 

29,000 

.001454 

.000095 

.000217 

.000018 

80.000 

30.000 

.001526 

.000072 

.000273 

.000056 

Perceptible  deflec 

81.000 

31.000 

.001635 

.000109 

.000289 

.000016 

tlon: 

32,000 

82.000 

.001727 

.000092 

.000325 

.000036 

83.000 

38,000 

.001854 

.000127 

.000381 

.000056 

34,000 

84.000 

.001963 

.000109 

.000435 

.000054 

35,000 

85.000 

.002091 

.000128 

.000507 

.000072 

86,000 

36,000 

.002236 

.000145 

.000579 

.000072 

87,000 

87.000 

.002454 

.000218 

.000746 

.000167 

38,000 

38,000 

.002618 

.000164 

.000831 

.000085 

89.000 

89.000 

.003054 

.000436 

.  001012 

.000181 

40,000 

40,000 

.003127 

.000073 

.001198 

. 000181 

liiorometer  removed. 

60,710 

60.710 



Failed  by  triple  flexure. 

Fractare  developed  on  the  tension  side  when  the  middle  deflection 
reached  ''.38. 


422   TESTS  OF  IRON  AND  STEEL  AND  OTHER  MATEBIALS. 


BRONZE  SPECIMENS  FROM  COLD  SPRING  FOUNDRY. 
[SamplM  of  metal  used  for  life-saviog  gans.] 

No.  167. 
Tension  test 


Marks  on  bar,  27. 

Length,  3". 

Diameter,  ''.664. 

Sectional  area  .26  square  inch. 


AppUed  loads. 

Elongation 
per  Inch. 

Sncoessire 
eloDjration 

Permanent 
set. 

Sncoesaive 

Remarks. 

Total. 

Per  Boaare 
incQ. 

per  inch. 

set. 

Pound*. 

Pound*. 

_ 
Inch. 

Inch. 

Inch. 

Inch. 

250 
500 

1.000 
2,000 
3,000 

0. 
.000100 

0. 
0. 

Initiaiload. 

.oooioo 

750 

.000233 

.000183 

.000033 

.000033 

1,000 

4,000 

.000300 

.000067 

.000033 

0. 

i 

1,250 

5,000 

.000367 

.000067 

.000067 

.000034 

1,500 

6,000 

.000433 

.000066 

.000067 

0. 

1 

1.750 

7,000 

.000567 

.000134 

.000067 

0. 

2,000 

8,000 

.000600 

.000033 

.000067 

0. 

' 

2,260 

9,000 

.000667 

.000067 

.000100 

.000033 

1 

2,500 

10,000 

.000800 

.000183 

.000133 

.000083 

1 

2,750 

11,000 

.000867 

.000067 

.000133 

0. 

1 

3,000 

12,000 

.000967 

.000100 

.000167 

.000034 

Elastic  limit.           1 

3,250 

18,000 

.001083 

.000066 

.000233 

.000033 

1 

8,500 

14,000 

.001233 

.000200 

.000800 

.000067 

1 

8,750 

15,000 

.001333 

.000100 

.000333 

.000038 

\ 
1 

4,000 

16,000 

.001638 

.000300 

.000567 

.000234 

4.250 

17,000 

.001933 

.000300 

.000738 

.000166                           ; 

4,600 

18,000 

.002300 

.000367 

,001033 

.000300                                          1 

4,750 

19,000 

.  003038 

.000733 

.001833 

.000800 

\ 

5,000 

20,000 

.004183 

.001100 

.002900 

.001067 

5,250 

21,000 

.006067 

.001934 

.004633 

.001733 

.      5,500 

22,000 

.009400 

.003333 

.007867 

.003234 

6,750 

23,000 

.011233 

.001833 

.010033 

.002166 

6,000 

24,000 

.  013300 

.002067 

.014900 

.004867 

«.250 

25,000 

.022300 

.009000 

.  020783 

.005833 

6,500 

26,000 

.028967 

.006667 

.027000 

.006267 

6,750 

27,000 

.036633 

.007666 

.034167 

.007167 

7,000 

28,000 

.048300 

.011667 

.045433 

.011266 

7,2J>0 

29,000 

.056567 

.008267 

.053600 

.008167 

7.500 

80.000 

.067467 

.  010900 

.064300 

.010700                                         1 

7,750 
8,000 
8^250 
8.500 
8,750 
9,000 

31.000 
82,000 
88,000 
34,000 
85.000 

.0783 

.005833 

.0867 

.0134 

:::::::;:::: 

moTed 

.0033 

.0066 

.1133 

.0200 

.1233 

.0100 



86.000 

.1367 

.0134 



9,250 
9,500 
9,750 
10,000 
10.250 

37,000 
38,000 

.1500 

.0183 

.1600 

.0100 





......... 

80,000 
40,000 

.1800 

.0200 

.1967 

.0167 

41,000 

.2167 

.0200 

..::::::::::i:::;:::::::: 

10.500 
10,760 

42,000 

.2400 

43,000 

.2633 

.0233 

j 

10,880 

43,520 

1 

tJltlmate  strength. 

1 

General  eummary. 


SpMiflo  graTity •....       &m 

Hardness ^m 

Tensile  stren]sth  per  square  inch  of  original  section poonds..       48,(90 

Elastic  limit  per  souare  inch  of  originu  section do...       12. 009 

Elongation  per  incn  after  mptare inch..  <198 

Elongation  per  inch  under  strain  At  elastic  limit do...      .000987 

Bedaotion  in  diameter  at  point  of  rapture do...  .064 

Bednotion  in  area  after  rupture,  per  centum  of  original  section  «  S8.0 

Position  of  rupture.  middle  of  sten. 

Character  of  broken  surftoe light  yellow,  slight  Tariation  in  odor. 

Elongation  of  inch  sections ".26  (".32  fhustnred  seotion),  ".tt. 


TESTS    OF   IRON   AND    STEEL   AND   OTHER   MATERIALS.      428 

No.  152. 

Tension  test 
Marks  on  bar,  33. 
Jjength,  4''. 
Diameter, ''  798. 
Sectional  area,  .50  square  incb. 


Applied  loads. 


Total. 


Pounds. 

500 

1,000 

1.500 

2.000 

2,500 

3,000 

3,500 

4,000 

4,500 

5,000 

5,500 

6.000 

6,500 

7,000 

7,500 

8,000 

8,500 

9,000 

9,600 

10.000 

10,500 

11,000 

11,500 

12,000 

12,500 

13,000 

18,500 

14.000 

14.500 

15,000 

15,500 

16,000 

16,500 

17,000 

17,500 

18.000 

18.600 

19,000 

10,500 

20,000 

20,500 

21,000 

-21,500 

22,000 

22,500 

23,000 

23.500 

24,000 

24,500 

25.000 

25.500 

26.000 

26,050 


Per  sqnare 
Inoh. 


Ptntnda. 
1,000 
2.000 
8,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19.000 
20,000 
21,000 
22,000 
23,000 
24.000 
25,000 
26,000 
27.000 
28.000 
29,000 
30,000 
31,000 
82,000 
38,000 
34,000 
85.000 
36,000 
37.000 
88,100 
39,000 
40,000 
41, 00.) 
42.000 
43,000 
44,000 
45,000 
46,UO0 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
52,100 


Blonpitioi.l?{J.^«j;j?*;«  Pennanent  S^f!?.^!!?' 
t>eT  7nch    <  elonKation  ^  permanent 

per  men.      perinch.  "**•  set.       | 


Remarks. 


I 


Ineh. 
0. 

.000025 
.000075 
. 000125 
.  00U175 
.000225 
.000250 
.000300 
.0OU35O 
.000400 
.000450 
.000525 
.000550 
.000650 
.000725 
.000825 
.001000 
.  001126 
.001325 
. 001625 
.002275 
. 003475 
.005825 
.  010250 
.014200 
.020000 
.025950 
.032375 
.040250 
.046500 
.0550 
.0675 
.0750 
.0850 
.0950 
.1050 
.1175 
.1300 
.1450 
.1650 
.1725 
.1875 
.2050 
.2250 
.2425 
.2650 
.2950 
.3125 
.3450 
.3850 
.4250 
.4975 


Ineh. 


.000025 

.000050 

.G00050 

.000050 

.000<>5O 

.000025 

.000050 

.000050 

.000050 

.000050 

.000075 

.000025 

.000100 

.000075 

.000100 

.000175 

.000125 

.000200 

.000300 

.000650 

.001200 

.002350 

.004425 

.0039.90 

.005800 

.005050 

.006425 

.007875 

.006250 

.0085 

.  0125 

.0075 

.0100 

.0100 

.0100 

.0125 

.0125 

.0150 

.0100 

.0175 

.0150 

.0175 

.0200 

.0176 

.0225 

.0300 

.0175 

.0326 

.0400 

.0400 

.0725 


Ineh. 

Inch, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

,   . 

.000025 

.000025 

.000025 

0. 

.000025 

0. 

.000025 

0. 

.000025 

0. 

.000025 

0. 

0. 

.000025 

a 

0. 

.000025 

.000025 

.000100 

.000075 

.000175 

.000075 

.000300 

.000125 

.000575 

.000275 

.001250 

.000675 

.002426 

.001175 

.004675 

.002250 

.009050 

.004376 

.012800 

.003760 

.018450 

.005650 

.024400 

.005950 

.080625 

.006225 

.038425 

.007800 

.044500 

.006075 

....- 



Initial  load. 


Blastio  limit. 


Micrometer  re- 
moved. 


Ultimate  streuKth. 


General  summary. 

Specific  ifravity 8.8884 

Hardness 6.134 

Tensile  strength  per  sqnare  incli  of  oriKinal  section ponnds..        52,100 

Slasiio  limit  per  sonare  incb  of  ori^nal  section do...       15,000 

XloDgation  per  incn  after  mptnre inch . .    0. 512 

Elongation  per  inch  under  strain  at  elastic  limit  do...      .000725 

Bedaction  in  diameter  at  point  of  mptnre do...      .198 

Bednction  in  area  after  mptnre,  per  centnm  of  original  section 44. 0 

Position  of  mptnre ".5  from  middle  of  steoL 

ChsrooterofhrokensnrfiMe uniform  stmoture  light  yellow  color. 

luongation  of  inch  sections ".60,  ".49  (".61  fractured  section),  ".46. 


Tetmon  test. 
Marks  on  bar,  47. 
Length,  4''. 
Diameter,  '^798. 
Sectional  area,  .50  sqoare  inch. 


Applied 


TotaL 


500 
1.000 
1,600 
2,000 
2,500 
8.000 
8,500 
4.000 
4,600 
6,000 
6,500 
8,000 
0,600 
7.000 
7,600 
8,000 
8.600 
0.000 
9,600 
10,000 
10.500 
11.000 
11.500 
12.000 
12,600 
18,000 
18.500 
14,000 
14.500 
15,000 
15.500 
16,000 
16.500 
17,000 
17,500 
18.000 
18,500 
19.000 
19,500 
20.000 
20.500 
21,000 
21,500 
22.000  • 
22,350 


rMOAI 

inen. 


I  1 

Elcmntioii  ^<^«*S^  Permanent  8n«oeMive 


Pounds, 
1.000 
2.000 
3,000 
4,000 
6,000 
0.000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
16,000 
10,000 
17,000 
18,000 
19.000 
20,000 
21,000 
•  22,000 
28.000 
24.000 
26.000 
20.000 
27,000 
28,000 
29.000 
80.000 
31,000 
82,000 
33.000 
34,000 
35,000 
36,000 
87,000 
38.000 
89,000 
40,000 
41,000 
42,000 
43,000 
44.000 
44,700 


Ineh. 


.000075 

.000126 

.000250 

.000800 

.000860 

.000450 

.000600 

.000560 

.000075 

.000726 

.000775 

.000900 

.001026 

.001176 

.001626 

.001800 

.002576 

.004026 

.000225 

.009776 

.014360 

.021400 

.028275 

.083400 

.042526 

.052525 

.058526 

.009775 

.0850 

.0925 

.1000 

.1150 

.1275 


Inch. 


.000050 

.000025 

.000050 

.000125 

.000050 

.000060 

.000100 

.000050 

.000126 

.000126 

.000050 

.000050 

.000126 

.000126 

.000150 

.000350 

.000275 

.000776 

.001450 

.002200 

.003650 

.004575 

.007050 

.000876 

.005125 

.009125 

.010000 

.006000 

.011250 

.015225 

.0075 

.0075 

.0150 

.0125 


0. 

a 

0. 

0. 

0. 

0. 

0. 

.000026 
.000026 
.000026 


Inch. 


.000050 
.000050 
.000100 
.000175 
.000275 
.000525 
.000775 
.  001475 
.002925 
.004075 
.008575 
.013026 
. 019775 
.026450 
.031525 
.040375 
.060275 
.050200 
.067200 


.000025 


.000025 


.000075 
.000100 
.000250 
.000260 
.000700 
.001460 


SlMtte  limit. 


!  MicromeiterremoTed. 


.1425 
.1550 
.1725 
.1875 
.2075 
.2275 
.2500 
.2725 
.3075 

.0150    1... 

:::::::  i::::::::::: 

.0125    , I 

.0175     i 

.0150    1 

.0200    1 ' 

,0200    ' ' 

.0225    ' i --- 

.0225 

.0350    1... 

. 

!"*' 

........  .....  ...... 

I  Ultimate  stren^JL 


General  summary, 

Speciflo  gravity glCff 

Hardness irs 

Tensile  strength  persquare  inch  of  original  section poonds..       4i^ 

Elasticlimit  per  saaare  inch  of  original  section do  ...       U»K 

Elongation  per  incn  after  mptnre  inch..    0.3t 

Elfti?~rtt?nTj  p<»r  infih  nnilpr  si  rain  at  f^lawtic  limit. -.^.^   ....,-_.. ,,,da-^.        *■*" 

I^cdu^''ff'^  Tn  [!l?imt"f«*r  nt  point  uf  niptiiry  — ..,-,. — -l.i. .btvkc  .■ 

Kt^dtitiinn  in  nr*ii  riflwr  niptiHT,\  pbr  i:  1*11  turn  of  nrijdnal  aectioo  , ,  ,i»*  .^n..*.......  .  ..i«h_. ...   '■ 

PtmiMon  01  rsipLuif) ......  .^.... ......  ..*...  ..**_ ..--.,.  ^ ,  .  . . 

Clipu^i:'t{.'r  of  broken  norface-._.,poroneH  ipoa^.     Ninneruus  fine  cracks  developed  aJ^ir  .'  ' 

Elangatlou  nt  Inch  itectfoa  ..._. ,.. _..^._^.,v.rr*****---'M9,  *%31i  "'-32  t".3fl  ft^actD.' 
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No.  149. 

Tension  test. 
Marks  on  bar,  49. 
Length,  4''. 
Diameter,  ''.798. 
Sectional  area,  .50  square  inch. 


AppUed  loads. 

Total. 

Per  sqiiare 

Povfidt. 

Poundi. 

500 

1.000 

1.000 

2.000 

1.600 

8,000 

2,000 

4,000 

2.600 

6,000 

3.000 

8,000 

8.500 

7.000 

4.000 

8.000 

4.500 

9^000 

6.000 

10.000 

5,500 

11.000 

0,000 

12,000 

•.500 

18,000 

7.000 

14.000 

7,600 

15.000 

8.000 

18.000 

8.500 

17.000 

J-JS 

18,000 

9.500 

19,000 

10.000 

20.000 

10.500 

21,000 

11,000 

22.000 

11.500 

28.000 

12.000 

24.000 

12.500 

25,000 

18,000 

28.000 

13.500 

27,000 

14,000 

28.000 

14.500 

29,000 

15,000 

30.000 

15.500 

81.000 

10,000 

82.000 

10,500 

83.000 

17.000 

34,000 

17,600 

85.000 

18,000 

36,000 

18.500 

87,000 

10,000 

88,000 

19.600 

89.000 

20,000 

40,000 

20.500 

41.000 

21.000 

42,000 

21.500 

43.000 

22.000 

44.000 

22.600 

45.000 

23,000 

46.000 

28,500 

47,000 

24,000 

48,000 

24.500 

49,000 

25,000 

50,000 

25.500 

51,000 

25.680 

51.160 

Blonntion 
perlnoh. 


SaooeMlve 
elongation 
perlnoh. 


Inch. 


.02682& 

.082576 

.039325 

.046000 

.  053575 

.0625 

.0700 

.0800 

.0900 

.1000 

.1125 

.1225 

.1350        I 

.  1475 

..1600        ! 

.1700        I 

.1925 

.2025        I 

.2250        I 

.2450 

.2675        I 

.2900 

.  3175 

.8575 

.3925 

.4450 

•♦-i 


/n«k. 


.000075 

.000075 

.000100 

.000025 

.000150 

.000050 

.000225 

.000075 

.000275 

.000050 

.000325 

.000050 

.000875 

.000060 

.000425 

.000060 

.000600 

.0000/5 

.000650 

.000050 

.000600 

.000050 

.000625 

.000025 

.000675 

.000060 

.000825 

.000160 

.000900 

.000075 

.001100 

.000200 

.001300 

.000200 

.001575 

.000275 

.002100 

.000525 

.003800 

.001700 

.005326 

.001525 

.010100 

.004775 

.014250 

'  .004150 

.019525 

.006275 

Pennanent 
■et. 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Ol 

0. 

0. 

0. 

0. 

.000075 
.009125 
.000250 
.000375 
.000600 
.001125 
.002850 
.004400 


Sacoeeaive 
permanent 


Inch. 


Initial  load. 


Sbwtio  limit 


.006750 

.006750 

.006675 

.007676 

.008925 

.0075 

.0100 

.0100 

.0100 

.0125 

.0100 

.0125 

.0125 

.0125 

.0100 

.0225 

.0100 

.0225 

.0200 

.0225 

.0225 

.0275 

.0400 

.0360 

.0525 


.018060 
.018100 
.024825 
.080826 
.087575 
.044100 
.051525 


.000126 
.000125 
.000225 
.000526 
.001725 
:  001550 
.004500 
.004150 
.006050 
.006225 
.006500 
.006750 
.006525 
.007425 


Miorometer  removed. 


intimate  strength. 


General  summary. 

Specillo  gravity &8949 

Bsrdness 7.161 

Tensile  strength  per  square  inch  of  original  section pounds..        51.160 

Hasticllmit  per  sonare  inch  of  original  section do 14.000 

Elongation  per  inon  after  mptare inch. .    0. 46 

Xlongation  per  inch  auder  strain  at  elastic  limit do 000675 

Bednotion  in  diameter  at  point  of  rapture  (approximate) 188 

Bednction  in  area  after  rupture,  per  centum  of  original  section * 42. 0 

Position  of  rupture l"3tTomn§dk, 

Character  of  broken  surface uniform  structure,  light  yellow  color. 

Blongation  of  inch  sections r.54  fhMtnred  section),  ".45,  ".48.  ".42 
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Fo.  155. 

Teimon  test 
Marks  on  bar,  63. 
Length,  4". 
Diameter,  ".798. 
Sectional  area,  .50  square  inch. 


Povndi. 
600 
1,000 
1,500 
2,000 
2,600 
3,000 
3.500 
4,000 
4,500 
5,000 
5,500 
6.000 
6,500 
7,000 
7,500 
8,000 
8,500 
9,000 
9,500 
10,000 
10,600 
11,000 
11,500 
12, 000 
12,500 
18,000 
18,500 
14.000 
14,600 
15.000 
15,600 
16,000 
16,600 
17,000 
17,500 
17,950 


Elongation  I S?"*'^''® 


Permanent 
set 


Foundt. 
1,000 
2,000 
3,000 
4,000 
5.000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12.000 
18.000 
14.000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24.000 
25,000 
26,000 
27,000 
28,000 
29.000 
30,000 
31,000 
82.000 
33,000 
84,000 
36,000 
85,900 


Inch. 
0. 

.000050 
.000125 
.000200 
.000275 
.000375 
.000425 
.  00*1476 
.000650 
.000650 
. 000750 
.000850 
.000925 
.  001175 
.  001425 
.001900 
.002700 
.004275 
.006526 
.  011625 
.016000 
.028900 
.081100 
.040575 
.048400 
.059900 
.065900 
.080400 
.  091326 
.106100 
.1225 
.1350 
.1600 
.1626 
.1926 


Inch. 


.000050 

.000075 

.000076 

.000076 

.000100 

.000050 

.000050 

.000076 

.000100 

.000100 

.000100 

.000076 

.000250 

.000250 

.000476 

.000800 

. 001575 

.002250 

.005000 

.005376 

.007000 

.007200 

.009476 

.007825 

.011600 

.006000 

.  014600 

.  010926 

. 014775 

.0164 

.0125 

.0150 

.0125 

.0300 


I 


Inch. 

0. 

0. 

0. 

0. 

0. 

-.000025 
—.000025 
—.000025 

0. 

.000025  I 
.000050  1 
.000100 
.000150 
.000275 
.000476 
.000900 
.001650  I 
.003150  I 
.005400  I 
.010825 
.015625 
.022550 
.029400 
.038725 
.046600 
.057825 
.066276 
.078200 
.088650 
.103150 


SaccoDsive 
permanent 
Bet 


Remarlca. 


Inch. 


—.000026 

0. 

0. 

.000025 
.000025 
.000025 
.000050 


Initial  load. 


1 

!  Elastic  limit. 


.000125  I 
.000200 
.000425 
.000750  I 
.001500  i 
.002250  I 
.004025 
.005200  I 
.007025  I 
.006850  I 
.009325  I 
.007875  I 
.011225  I 
.008450 
.011925 
.010460 
.014500 


Micrometer  remoYttd. 


Ultimate  strength. 


General  summary. 

Specific  gravity 8wM6 

Juffdnese 4.781 

Tensile  strength  per  square  inch  of  original  section poonds..       35^909 

Elastic  Umit  per  square  inch  of  original  section — do...         9,0M 

Elongation  per  incn  after  rupture   ...  inch..    0.217 

Elongation  per  inch  under  strain  at  elastic  limit do. . .     .  000569 

Beduction  in  diameter  at  point  of  rupture do. . .     .088 

Redaction  in  area  after  rupture,  per  centum  of  original  section 20.0 

Position  of  rupture  ".2  from  middle  of  stem. 

Character  of  broken  surface spongy ;  color,  light  yellow,  witl  spots  of  dark  yellow  and  copper- 

colored  metal ;  surface  of  stem  cracked. 
Elongation  of  inch  sections ".20,  ."20  (".29  fractured  section),  *'.!% 


i3IO.  X04. 


Tension  test 
Marks  on  bar,  71. 
Liength,  4/'. 
Diameter,  ''.798. 
Sectional  area,  .50  square  inch. 


Applied  loads. 


Total. 


Paundt, 

600 
1.000 
1.500 
2,000 
2,fi00 
3.000 
8,600 
4.000 
4.500 
6,000 
6,500 
6,000 
6.500 
7,000 
7.600 
8.000 
8,600 
9.000 
0,600 
10.000 
10,600 
11,000 
11,600 
12.000 
12.600 
18,000 
13,500 
14,000 
14,500 
15,000 
15,500 
16,000 
16,500 
17,000 
17,500 
18,000 
18,500 
19.000 
19,500 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23.000 
28.600 
23,900 


Per  Moare 
incn. 


EloncatioD 
per  inch. 


Pounds. 
1,000 
2.000 
3.000 
4,000 
6.000 
6,000 
7,000 
8.000 
9,000 
10.000 
11,000 
12,000 
18.000 
14.000 
16.000 
16,000 
17,000 
18.000 
19.000 
20.000 
21,000 
22.000 
23.000 
24,000 
25.000 
26, 000 
27.000. 
28,000 
29,000 
30,000 
31,000 
32.000 
33,000 
34.000 
36,000 
36,000 
37.000 
38,000 
39,000 
40,000 
41.000 
42,000 
43,000 
44,000 
45,000 
46.U00 
47,000 
47,800 


Inch. 
0. 

.000050 
.000100 
.000150 
.000200 
.000250 

.ooasoo 


.000425 
.000475 
.000525 
.000626 
.00006 
.000775 
.000925 
.001075 
.001260 
.001526 
.001925 
.003000 
.004750 
.006550 
.009876 
.014000 
.019200 
.022875 


.035250 

.0426% 

.050950 

.0575 

.0675 

.0750 

.0860 

.0950 

.1050 

.1175 

.1275 

.1376 

.1525 

.1700 

.1875 

.2000 

.2200 

.2400 

.2650 


Sacceeaive  I  p^--^.-^.,*  Sncoeeslve 
eloncatlon  ^«™M»M»t ,  permanent 
per  inch.  |    "•'•   I    set. 


Kemarks. 


Jneh. 


.000050 
.000050 
.000050 
.000060 
.000050 
.000050 
.000050 
.000075 
.OOOOJM 
.000050 
.000100 
.000100 
.000050 
.000150 
.000150 
.000175 
.000275 
.000400 
.001075 
.001750 
.001800 


.004125 

.005200 

.003675 

.006375 

.007000 

.007875 

.008325 

.006560 

.0100 

.0075 

.0100 

.0100 

.0100 

.0125 

.0100 

.0100 

.0150 

.0175 

.0175 

.0125 

.0200 

.0200 

.0250   I 

.0275 


Ineh. 


Inch. 


Initial  load. 


.000026 
.000025 
.00012.'^ 
.000225 
.000350 
.000575 
.000926 
.001975 
.008650 
.005450 
.008700 
.012675 
.017725 
.021250 
.026750 
.033476 
.040650 
.048800 


.000025 


Elastic  limit. 


.000200 
.000125  I 
.000225 
.000850  , 
.001050 

.001675  ; 

.001800    I 
.008250 
.008975 
.006050 


.005500    I 

.006725    > 

.  007176 

.008150     Micrometer  removed. 


Surface  oracka  de- 
Teloped. 


Ultimate  strength. 


General  summary* 

Speoiflo  graTity 8.9862 

Hardness 6.711 

Tensile  strength  per  square  inch  of  original  section pounds..         47,8QO 

Slasticlimit  per  sonare  inoti  of  original  section do 14.000* 

Elongation  per  inch  after  rupture inch..  0.8ft 

Elongation  per  inch  under  strain  at  elastic  limit do 000776> 

Beduction  in  diAmeter  at  point  of  rupture do .148 

Beduotlon  In  area  alter  rupture,  per  centum  of  original  section 84.  & 

Position  of  rapture 1".6  firom  neck. 

Ghanct43r  of  broken  surface yellow*jgrav  color ;  small  spongy  spot  at  circumference  of  firactnreb 

Cracks  oeTeleped  along  the  stem. 
Elongation  of  inch  sections ''.31,  ''.81  (".88  fkvctured  section), '^88. 
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No.  150, — Tension  test. 
Marks  on  bar,  73. 
Length,  4''. 
Diameter,  '^798. 
Sectional  area,  .50  square  inch. 


AppUed  loads. 

r 

1 

per  inoh. 
Indh. 

eloDgation 
per  inch. 

Permanent 
set 

Inch, 

SacoeasiTe 
set 

Ineh. 

I 

Total. 

Per  square 
inch. 

Reanrks.            j 

i 

Povndt, 

Pounds. 

IfU»h. 

i 

600 

1.000 
2,000 
8,000 

0. 

0. 

Initial  load.                 i 

1.000 
1.500 

.000050 

.000050 

0. 

.000125 

.000075 

0. 

t 

2,000 

4,000 

.000200 

.000075 

0. 

2,500 

5,000 

.000250 

.000050 

.000025 

.000025 

1 

8,000 

6.000 

.000800 

.000050 

.000025 

0. 

8,500 

7,000 

.000400 

.000100 

.000025 

0. 

1 

4,000 

8,000 

.000500 

.000100 

.000025 

0. 

1 

4,500 

9.000 

.000525 

.000025 

.000025 

0. 

i 

5,000 

10.000 

.000600 

.000075 

.000025 

0. 

Blaatio  limit.               i 

5,500 

11,000 

.000700 

.000100 

.000075 

.000060 

1 

5,000 

12,000 

.000750 

.000050 

.000100 

.000025 

j 

8.500 

13.000 

.000860 

.000100 

.000150 

.000050 

7.000 

14,000 

.0C0976 

.000125 

.000200 

.000050 

! 

.    7.500 

15,000 

.001925 

.000050 

.000225 

.000025 

' 

8.000 

16,000 

. 001176 

.000150 

.000300 

.000075 

1 

8,500 

17,000 

.001850 

.000175 

.000400 

.000100 

9,000 

18,000 

.001550 

.009200 

.000525 

•000125 

I 

9.500 

19,000 

.001850 

.000300 

.000750 

.000225 

I 

10,000 

20,000 

.002250 

.000400 

.001025 

.000275 

1 

10,500 

21,000 

.002825 

.000575 

.001650 

.000625 

1 

11.000 

22,000 

.003875 

.001050 

.002760 

.001100 

11,500 

28,000 

.005050 

.001175 

.003775 

. 001026 

12,000 

24,000 

.007025 

.001975 

.005750 

.001975 

12,500 

25.000 

.009825 

.002800 

.008400 

.002650 

1 

18.000 

26,000 

.012750 

.  002925 

.011175 

.002775 

18,500 

27,000 

.014550 

.001800 

.013025 

.001850 

1 

14,000 

28,000 

.019500 

.004950 

.017800 

.004775 

14,500 

29,000 

.024125 

.004625 

.  022175 

.004375 

1 

15.000 

80.000 

.030000 

.005875 

.027850 

.005676 

Miorometar  romoTed. 

15,500 

81,000 

.0850 

.0050 



1 

16.000 

82,000 
88,000 

.0400 

.0050 

1 

16,500 

.0450 

.0050 

1 

' 

17,000 

34,000 

.0576 

.0125 

' ! 

17,500 

85.000 
86.000 

.0625 

.0050 

18,000 

.0700 

.0075 

18.500 

87,000 

.0800 

.0100 

1 

19,000 

88,000 

.0875 

.0075 

1  

19,500 

39,000 

.1000 

.0125 

1 

20,000 

40,000 

.1125 

.0125 

1 

20.500 

41,000 

.1200 

.0075 

,    .        ..  ..t                                       ' 

21.000 

42,000 

.1325 

.0125 

i                                       ' 

21  500 
22,000 

43,000 
44.000 

.1500 
.1600 

.0175 
.0100 

i 

22.500 
23,000 

45.000 
46.000 

.1825 
.2000 

.0225 
.0175 

28.500 

47.000 

.2200 

.0200 

1                                      1 

24.000 
24,500 

48.000 
49,000 

.2450 
.2750 

.0250 
.0300 

1 

25.000 

50,000 

.8075 

.0326 

' ;                             1 

25.500 

61.000 

.3475 

.0400 

....I                             1 

25.700 

51.400 



Ultimate  strength.    ' 

fipeoiflo  gravity . 


General  summary. 


8L83» 

7.411 

51. 4« 

10,009 


.ISI 
314 


vpeoifl 
Hardni 

Tensile  strength  per  square  inoh  of  original  section pounds.. 

Jilastic  limit  per  sanare  inch  of  origiuai  section do 

Elongation  per  incn  after  rupture inch. . 

XlongatioD  perlDcb  under  strain  at  elastic  limit do 

Reduction  in  diameter  at  point  of  rupture do.... 

Reduction  in  area  after  rupture,  per  centum  of  original  section 

Poeition  of  rupture ".5.         

Character  of  broken  surfisce yellowish  gray ;  surface  cracks  developed  along  the  stesL 

Xlongation  of  inch  sections C'.41  fractured  section),  ".35/'.84»  ".8L 

The  stem  preserved  its  cylindrical  form  during  the  test,  not  drawing 
down  and  making  an  irregular  surface,  characteristic  of  the  more  duc- 
tile specimens. 


TE6T8   OF   IBON   AND   STEEL   AND   OTHER   MATEBIAL8.      429 

No.  156. 

Tension  test 
Marks  on  bar,  95. 
Length,  4f'. 
Diameter,  '^798. 
Sectional  area,  .50  square  inch. 


Applied  loads. 

Elongation 
per  inch. 

Sncoeaeive 
eloDiration 
per  inch. 

Permanent 
set. 

SucoeaaiTe 

permanent 

set 

Remarks. 

Total. 

Peraqaare 

Poundt. 

Pounds. 

Inch. 

Inch. 

Inch. 

Inch. 

500 

1,000 
2.000 
8.000 
4.400 
6,000 
6.000 

0. 

0. 

iBitial  load. 

1.000 
1,500 
2.000 
2.600 
8.000 
8.600 
4,000 
4.500 
5.000 

.000075 

.000075 

0. 

.000125 

.000050 

0. 

.000225 

.000100 

0. 

.000275 

.000050 

0. 

.000300 

.000025 

0. 

7.000 

8.000 

9.000 

10,000 

.000350 

000050 

0. 

.000425 

.000975 

0. 

.000500 

.000075 

0. 

.000550 

.000050 

0. 

5.50O 
6,000 

11,000 
12.000 

000025 

.000076 

0. 

Elasticlimit. 

.000725 

.000100 

.000050 

.000050 

«,600 

18.000 

.000775 

.OOOO^iO 

.000175 

.000026 

7,000 

14.000 

.000900 

.000125 

.000176 

.000100 

7,500 

15.000 

.001000 

.000100 

.000250 

.000075 

8.000 

16,000 

.  001300 

.000300 

.000376 

.  000125 

8,500 

17.000 

.001525 

.000226 

.000550 

.000175 

9,000 

18,000 

1002075 

.000550 

.001050 

.000500 

0.500 

19,000 

.002950 

.  000875 

.001850 

.000^00 

10,000 

20.000 

.005050 

.002100 

.004000 

.002150 

10,500 

21,000 

.007675 

.002625 

.006500 

.003500 

11.000 

22.000 

. 012200 

.004525 

.010925 

. 004425 

11,500 

23.000 

.  016050 

.0(13850 

.  014700 

.  003776 

12. 000 

24,000 

.021250 

.005200 

.  019750 

.005050 

a2.500 

25,000 

.028000 

.006750 

.  026375 

.006625 

18,000 

26.000 

. 036075 

.000075 

.  034250 

.  007875 

13,500 

27,000 

.041500 

. 005425 

.  039525 

.  005275 

14.000 

28,000 

.  049(>75 

.  007575 

.047000 

.007475 

14,500 

29,000 

.057500 

.  008425 

.055300 

.008300 

15,000 

30,000 

.066875 

.  009375 

. 064625 

.  0U9325 

Micrometer  removed. 

15,6#0 
16.000 
16,500 
17,000 
17,500 
18,000 
18,500 
19,000 
19,500 
20,000 
20,500 
21,000 
21,500 
21.840 

31.000 
82,000 
38,000 
34.000 
85,000 
38,000 
37,000 
88,000 
89,000 
40,000 
41  000 

.0750 

.008126 

08.50 

.0100 

.0950 

.0100 

.1050 

.0100 

.1175 

.0125 

.1825 

.0150 

.1425 

.0100 

1550 

0125 

.1750 

.0200 

.  192  > 

.0175 

.2126 

.0200 

42,000 
43,000 
43,680 

.2325 

.0200 

.2600 

.  0275 

Ultimate  strength. 

General  summary. 

Speoiflo  gravity &766a 

Hardness 6.822 

Tensile  strength  per  square  inch  of  original  section poands..      48.680 

Elastic  limit  per  sqnare  inch  of  originalsection do....      11,000 

Elongation  per  incn  after  itiptare inch....       0.377 

Elongation  per  inch  under  strain  at  elastic  limit do 000626 

Beduotion  in  diameter  at  point  of  rupture do 128 

Bednction  in  area  after  rupture,  per  centum  of  original  section 80. 0 

Position  of  rupture 1".6  fimn  neok. 

Character  of  broken  surface slightly  spongy;  variations  of  oolor. 

Fractare  be|?an  at  side,  showing  small  copper-colored  spots,  and  light- 
gray  metal.    This  side  of  the  stem  was  broken  with  surface  cracks. 


Tension  test. 
Marks  on  bar,  97. 
Length,  4''. 
Diameter,  ''.798. 
Sectional  area,  .50  square  inch. 


Applied  loads. 

square  I  P«^J°ch.    '   ^.'J^.k 
ncn. 


Total 


I  Per  8- ~ 
incD 


pAT  inob. 


Poundt. 

500 

1.000 

1,500 

2,000 

2,500 

3,000 

3,500 

4,000 

4.500 

5,000 

5,500 

6.000 

0.500 

7,000 

7,500 

8,000 

8,500 

9,000 

9,600 

10.090 

10,500 

11,000 

11.500 

12,000 

12,500 

18,000 

18,500 

14,000 

14,500 

15,000 

15,500 

10.000 

16.500 

17,000 

17,500 

18.000 

18,500 

19,000 

19,500 

20.(JO0 

20,  500 

21.000 

21,500 

22,000 

22,500 

23,000 

23,500 

24,000 

24,500 

25,000 

25,490 


Poundt. 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7.000 
8,000 
9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
15,000 
16.000 
17.000 
18,000 
19,000 
20.000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27.000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45.000 
46,000 
47.000 
48,000 
49.000 
50,000 
50,980 


Jnoh.      I 

.000050    ' 

.000125    I 

.000175    ' 

.600250    I 

.000275 

.000325    I 

.000375    I 

.000450    ' 

.000500    I 

.000550 

.000625    I 

.000700    , 

.000775 

.000875 

.001025 

.001250    ' 

.001500 

.001800    ; 

.002525    ' 

.003950    , 

.006275    , 

.010050    i 

.014975    ! 

.  020525 

.026475 

.032025 

.040025 

.047275 

.055525 

.0650 

.0725 

.0800 

.0925 

.  1025 

.1125 

.1250 

.1375 

.1525 

.1650 

.1825 

.2000 

.2200 

.2375 

.2625 

.2850 

.3125 

.3475 

.8875 

.4375 


Ineh. 

.' 000050 ' 

.000075 

.000050 

.000075 

.000025 

.000050 

.000050 

.000075 

.000050 

.000050 

.000075 

.000075 

.000075 

.000100 

.000150 

.000225 

.000250 

.000300 

.000725 

.  001425 

.002325 

.003775 

.004925 

.005550 

.005960 

.005550 

.008000 

.007250 

.008250 

.009475 

.0075 

.0075 

.0125 

.0100 

.0100 

.0125 

.0125 

.0150 

.0125 

.0175 

.0175 

.0200 

.0175 

.0250 

.0225 

.0275 

.0350 

.0400 

.0500 


t 


Permanent 
set. 


SacoeMiTe 

permanent 

set. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 

0. 

0. 

0. 

I     0. 


Ineh. 


Inch, 


!  Initial 


000025 
000075 
000200 
.000800 
.000525 
.000875 
.001550 
.003050 
.005225 
.008950 
.  013750 
.019025 
.025025 
.080525 
.018225 
.045525 
.053425 


.000025 
.000050 
.000125 
.000100 
.000225 
.0003.50 
.000675 
.001500 
.002175 
.003725 
.004800 
.00S27S 
.006000 
.005500 
.007700 
.007300 
.007900 


T 


Blaatic  Umit. 


Micrometer  remeTed. 


Ultimate  strength. 


General  summary. 

Speoiflc  gravity i^ 

UMtiness ii^ 

Tensile  strenf^h  per  square  inch  of  original  section pounds..       S.9 

Elastic  limit  p€«r  square  inch  of  original  section do IIH 

SloDgation  per  inch  aft<^r  rapture iju^. .  t  v 

Elongation  per  inch  under  strain  at  elastic  limit do «0f'' 

Reduction  in  diameter  at  point  of  rupture do 'S'- 

Beduotion  in  area  after  rupture,  per  centum  of  original  section ^^ 

Position  of  rapture S"IWni^ 

Character  of  broken  sorface light-yellow  colored,  interspersed  with  amaU  spota  of  dvi 

yellow  metal. 
Elongation  of  inch  sections ''.63,  ''.49  (".56  fractured  aectkiD).^ 


[Bronse  oat  from  6-poviider  gnn  1839,  and  reoMt  at  Waterti 


Diameter,  ^'.623. 

Sectional  area,  .305  sqaare  inch. 

Gauged  length,  3".292. 


Applied  loads. 

TOUL     .''"toX" 

Blongation. 

Seta.                                  Be 

rounds.    1    Paundi, 

305    1         1.000 

610    1         2,000 

915    '         8,000 

1,220             4,000 

1,525             5,000 

1,830              6.000 

2,135    1          7,000 

2,440    1          8.000 

Inch. 

0. 

0. 

.001 
.001 
.OOli 
.002 
.002 

.ooT 

.008 

.0081 

.004 

.004 

.004i 

.005 

.0054 

.00? 

.015 

.028 

.046 

.072 

.101 

.128 

.154 

.186 

.216 

.265 

.291 

.388 

Inch, 

2.745 
8,050 
8,355 
8,661 
8,965 

9,000 
10.000 
11.000 
12.000 
18.000 

4. 270            14. 000 
4, 575            15, 000 
4,880            16,000 
5, 185            17, 000 
5,490    1        16,000 
,5,795    1        19,000 
6,100            20,000 
6,405    !       21,000 
6,710            22,000 
7,015            28,000 
7,820    1        24,000 
7,625    ;        25  000 

'Blaatio  Umlt. 

7,930 
8,285 
8,540 
8,846 
9,150 
0,455 

26.000 
27,000 
28.000 
29,000 

80,000              .876 
31. 000               .418 

9, 710    •        81-  840 

Fractured  at  neck  of  specimen;  yellowish  coppei 
The  irregular  surface  of  fracture  composed  of 

covered  with  a  network  of  fine  lines,  intersecting 

angles. 
The  apparent  dissociation  of  constituents  obser 

11  not  apparent  in  this  specimen. 
S.  Ex.  36 2S 


[BronM  out  from  old  O^poonder  gmi,  184B ;  rocMt  at  Watorl 


Diameter,  '^623. 
Sectional  area,  .305  square  inch. 
Oaoged  length,  3^^292. 
Surface  of  specimen  porous. 


AppUod  loads. 

Elooga- 
tton. 

Soto. 

Total. 

Persqiiare 

Be 

806 

610 
915 
1.220 
1,526 
1  880 
2,185 
2.440 
2,745 
8.060 
3,866 
8,660 
8.966 
4,270 
4,675 
4,880 
M85 
5,490 
^705 
0,020 

Poundt. 

1,000 

2,000 

8,000 

4,000 

6,000 

6,000 

TiOOO 

8.000 

9.000 

10.000 

11.000 

12,000  • 

13.000 

14,000 

16,000 

16.000 

17.000 

18.000 

19.000 

19.740 

Inch, 
0. 
0. 
.001 

:!!S» 

.006 

.003 
.008i 
.004 

JfM&. 



.004 

.004i 

.00? 

.007 

.008 

.010 



Blaaiio  Umit. 

.015 
.021 
.086 
,0^7 

Snrfaoo  cracks  ap]  i 

Ultimata  stiongth 



Forty  per  cent,  of  fracture  yellowish  copper  colon: 
gray.    Fracture  irregular,  surface  vesicular. 

Apparent  dissociation  of  constituents ;  cylindrici  i 
short  irregular  fissures. 
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No.  18. 

[Bronze  oat  fVom  old  6-pounder  gan,  A.I 

Diameter,  ''.626. 

Sectional  area,  ".308  square  inch. 

Oauged  length,  3".283. 


Applied  loads. 

IncH. 

Sets. 

Total. 

Per  square 
indi. 

Pound*. 

1.MM 

Remarks. 

PotmcU. 
808 

Inch. 

tiie          2!  MO   1      0. 

924 
1.282 
1,640 
1.848 
2,156 
2.464 
2,772 
8.080 
3,388 
3,686 
4,004 
4,312 
4.620 
4.028 
5,286 
6,644 
5,852 
«,160 
6.466 
6,776 
7,084 
7.392 
7,680 

3, 000    !         -  noi 

1 

4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11.000 
12,000 
13.000 
14,000 
15,000 
16.000 
17,000 
18,000 
19.000 
20.000 

.001 
.0011 

■.^ 

.003 

.0034 

.004 

.004i 

.005 

.006 

.007 

.009 

.012 

.018 

097 

1 

.'.'.'.'..'.'.'.'.'.'. 

1 



t 



1 



ElAAtic  limit                                                                1 

21,000    1          .087 
22,000    1          .056 
23,000    1          .076 
24,000    1          -101 

' 

Irregular  surface  cracks  appear.                     ) 

24.450 

Ultimate  strength.                                           ' 

. 

Color  of  fracture,  yellowish  drab ;  irregular  surface,  vesicular. 


Ko.  19. 


[ReoMt  metal  from  6>poander  gun  A,  flnt  me] 


Diameter,  ^'.626. 

Sectional  area,  ''.308  square  inch. 

Gauged  length,  3".293. 


Blonga- 
tlon. 

Sets. 

Total. 

Per  square 
Inch. 

Pounds. 
308 
616 
924 
1,282 
1,540 
1848 
2,166 
2,464 
2^772 
3,080 
3,388 
8,686 
4,004 
4,812 
4,620 
4,928 
5,236 
5,544 
6,852 
6,160 
6,468 
6,776 
7.084 
7.892 
7,700 
7.990 

Pounds, 
1.000 
2,000 
3,000 

5^000 
6,000 
7,000 
8,000 
9.000 
10,000 
11,000 
12,000 
18,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
26,000 
25.940 

Ineh, 

0. 

.001 
.002 
.002 
.002 

.008 
.003 

:^ 

.ooT 

.004 
.006 

:1S3 

.010 
.017 
.020 
.038 
.049 
.066 
.084 
.108 
.140 

Inch. 

BlasticUmit. 

SurliMe  cracks  d 

Ultimate  strengt 

Irregular  fracture,  yellowish  copper  colored. 
There  was  a  bright  yellow  spot  near  the  edge  c 
ing  about  15  per  cent,  of  the  surface. 


9 
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TENSILE  TEST  OF  MILD  STEEL  SPECIMEN. 

« 

[SAm«  metal  m  employed  in  strap  No.  1,  bat  not  from  etnp  Itaelf.] 

No.  16. 

Form  of  ipeeiwten, 

^ a y TT 


^'"ZI' 


Sectional  ares,  ''lx'^S97s.897  sqaare  inch. 

The  elastic  limit  was  not  well  deflDed.  At  26,000  poands  s=  28,000 
pounds  per  square  inch  the  rate  of  elongation  began  to  increase.  At 
31,000  pounds  =  34,560  pounds  per  square  inch  rapid  elongation  was 
more  pronounced. 

Ultimate  strength,  53,700  pounds  =  59,870  pounds  per  square  inch. 

Elongation  of  inch  sections:  'M9,  '^3I  (^^58  tractured  section),  "M, 
'M9. 

Elongation  in  5  inches,  1^^51=30.2  per  cent. 

Area  at  fracture,  '^74x''.64=.474  sqaare  inch. 

Contraction  of  area,  47.2  per  cent. 

Appearance  of  fracture,  fipe  silky  with  slight  lamination. 


TENSILE  TEST  OF  STEEL  SPECIMEN. 
(Cut  from  end  02  of  strap  Ko.  %] 

No.  24. 

Form  of  specimen. 


J^ 


Sectional  area  ".988  x  ".822 =.8 12  square  inch. 

Decided  stretching  took  place  at  35,100  pounds  tension  =  43,230 
poands  per  square  inch. 

Ultimate  strength,  66,100  pounds  =  67,860  pounds  per  square  inch. 

Elongation  of  inch  sections:  ".16,  ".20,  ".25  (".61  fractured  section), 
".26.  . 

Elongation  in  6  inches,  1".47  =  29.4  per  cent. 

Area  at  fracture,  ".67  x  ".55=.369  square  inch. 

Contraction  of  area,  54.5  per  cent. 

Appearance  of  fracture,  fine  silky. 
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10.— TEVSIOV  TEST  OF  TWO  BABB  0.  H.  STEEL. 

[Farniahed  by  Norway  Steel  and  Iron  Company,  South  Boston,  Maaeaohaaetts.] 
Form  of  specimen. 


'^ 


No.  16. 
Mark  on  bar,  13-1. 

Diameter,  l^'.OOO;  sectional  area,  .7854  square  inch. 
Gauged  length,  ''10. 


"Sr- 

Total. 

Peraqnare 
indi. 

Remarka.                                          ' 

1 

Poundt. 
785 
7,854 
15,708 
19,635 
28,562 
27,489 
81,416 
35,348 
39.270 
40,055 
40,841 
41.626 
42,412 
43,197 
48,982 
44,768 
45,553 
46,338 
47.124 
47,909 
48,685 
49,480 
50.266 
51,051 
51.886 
52,622 
53,407 
54,193 
54,978 
55,763 
56,549 
57,334 
58,120 
58.005 
103,600 

Pouiuff. 
1,000 
10.000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
60,000 
51,000 
52,000 
58,000 
54,000 
65,000 
56,000 
57,000 
58,000 
50,000 
60,000 
61.000 
62,000 
63.000 
64.000 
66,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
73,000 
74.000 
75,000 
131, 910 

Inch. 

0. 

.0020 
.0061 
.0078 
.0008 
.0116 
.0188 
.0150 
.0182 
.0188 
.0192 
.0198 
.0204 
.0210 
.0220 
.U230 
.0240 
.0250 
.0268 
.0282 
.0310 
.0340 
.0872 
.0892 
.0440 
.046(( 
.0400 
.0520 
.05, 
.05, 
.05 
.06 
.06 
.07 

1 

i 
1 

Elaatic  limit 

Micrometer  remored. 
1  Ultimate  Btrenjrth.                                                       '        j 

Elongation  after  fracture,  1".52  =  15.2  per  cent. 

Elongation  of  inch  sections:  ".09,  'M2,  ".11,  ".12,  ".14  (".29,  fractured 
section  ".30),  ".13,  ".13,  ".09. 

Diameter  at  fracture,  ".80. 

Area,  .5026  square  inch. 

Contraction  of  area,  36  per  cent. 

Appearance  of  fracture:  granular,  radiating  from  a  dull  spot  "J  ec- 
centric.   Broke  square  across  bar. 


Mark  on  bar,  1233. 

Diameter,  1".000;  sectional  area,  .7854  square  inc 

Gail  prod  lonjrth,  "10. 


Applied  loMlii. 

Elonga- 
tion. 

Remarks. 

Totiil. 

Per  square 
inch. 

PQtmd$. 

Poundt, 

Inch. 

785 

10.000 

0. 

7,864 

10,000 

.0023 

16, 708 

20,000 

.0058 

19,836 

25,000 

.0075 

23,602 

30,000 

.0095 

27,489 

86,000 

.0116 

29,854 

38,000. 

.0130 

31.416 

40,000 

.0140 

32,201 

41,000 

.0145 

82,987 

42,000 

.0160 

Elastic  limit. 

83,772 

48.000 

.0160 

34.658 

44,000 

.0170 

36,348 

45.000 

.0180 

86,128 

46,000 

.0195 

36.914 

47,000 

.0230 

37,609 

48,000 

.0280 

38,485 

49,000 

.0428 

39,270 

50,000 

.0792 

40,055 

51.000 

.0975 

40,841 

52,000 

.1020 

41,626 

53,000 

.1060 

42,412 

54.000 

.1152 

43,197 

55,000 

.1220 

43,982 

56,000 

.1292 

44,768 

57,000 

.1350 

45,563 

58.000 

.1455 

46,339 

69.000 

.1520 

47,124 

60.000 

.1610 

Micrometer  removed. 

48,695 

62,000 

.17 

60,266 

64,000 

.19 

51,836 

66.000 

.21 

53,407 

68.000 

.23 

54.978 

70,000 

.25 

56.649 

72,000 

.27 

68.120 

74,000 

.81 

Bar  rested  thirty  minutes. 

50,600 

76,000 

.33 

61.261 

78.000 

.87 

62.832 

80.000 

.41 

64,408 

82,000 

.45 

65,974 

84,000 

.50 

67,544 

86,000 

.64 

69.115 

M,m 

.62 

70,686 
76.  200 

90.009 
97.020 

.70 

intimate  strength. 



Elongation  after  fracture,  1".93  =  19.3  per  ceut. 

Elongation  of  inch  sections:  Ml,  ".17, /' 15,  ".18, 
ured  section),  ".24,  ".17,  ".13. 

Diameter  at  fracture,  ".83. 

Area,  .5411  square  inch. 

Contraction  of  area,  31.1  per  cent. 

Fractured  square  across  bar.    Oranular  appears  i 
a  dull  spot  ".50  X  ".30,  this  spot  being  "^  eccentric 

Chemical  analyses  of  bars  furnished  hy  Mr,  Oei  i 


Test  num.    Mark    ou 
ber.  bar. 


16 
17 


18-1 
1233 


Carbon. 


0.86 
0.47 


Manga- 
nese. 


0.53 
0.74 
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13.— ADHESION  OF  HAILS,  SPIKES.  AHD  SCREWS  IH  VARIOUS  WOOD& 

EXPERIMENTS  ON  THE  RESISTANCE  OF  CUT  NAILS,  WIRE  NAILS  {STEED. 
SPIKES,  WOOD-SCREWS,  LAG-SCREWS. 

(The  experimeute  were  made  in  the  following  kinds  of  wood:  White  pine,  yellow 
pine,  chestnut,  white  oak,  lairel.) 

Experiments  were  made  with  single  nails,  spikes,  and  screws  driven 
perpendicular  and  parallel  to  the  grain  of  the  wood ;  also  with  cleats 
held  by  two  or  four  nails. 

Cut  nails  and  spikes  were  driven  with  the  taper  of  their  sides  or 
points  acting  lengthwise  the  grain  of  the  stick,  unless  otherwise  men- 
tioned in  the  details. 

Trials  were  made  with  cut-nails  barbed. 

The  wood  employed  was  thoroughly  seasoned  dry  stocks,  excepting 
the  stick  of  chestnut,  which  was  unseasoned,  and  the  blocks  of  pine 
and  oak  which  were  exposed  to  the  tide- water  after  the  nails  had  been 
driven. 

The  adhesive  resistance  of  the  different  nails  and  screws  is  redaced  to 
pounds  per  square  inch  of  surface  in  the  wood;  computing  the  surface 
of  the  screws  from  the  cylindrical  surface  at  the  top  of  the  threads,  mul- 
tiplied by  the  length  driven,  deducting  from  this  area  the  surface  of  the 
points  of  the  screws  which  offered  no  resistance  in  the  wood.  The  same 
allowance  was  made  for  the  points  in  computing  the  surface  of  spikes. 

Holes  were  bored  the  size  of  the  screw  at  the  root  of  the  thread,  or 
slightly  smaller,  for  all  wood-screws  in  hard  woods,  and  for  lag-screws 
in  both  hard  and  soft  woods. 

Few  sticks  were  experimented  upon,  as  it  was  considered  desirable, 
so  far  as  practicable,  to  obtain  for  comparative  results  the  resistance 
of  the  different-sized  nails  and  screws  in  the  same  stick.  The  cross-sec- 
tion dimensions  of  the  common  spikes  were  '^50  x  ''.50  and  of  the  rail- 
road spikes  ".69  x  ".59  by  6"  long. 

DisttLssion  of  results. 

The  strength  of  timber  is  found  to  vary  within  wide  limits,  not  only 
in  diff'erent  sticks  of  the  same  species,  but  in  the  same  tree. 

The  results  here  presented  will  therefore  be  accepted  as  indicating  as 
closely  as  practicable,  yet  in  a  general  way,  the  comparative  resistance 
of  nails  and  screws  in  the  several  sticks  experimented  upon.  There 
are  certain  features,  however,  apparently  well  developed  by  these  tests 
which  may  be  enumerated  as  follows: 

The  method  adopted  of  reducing  the  adhesion  to  pounds  per  square 
inch  of  surface  in  the  wood  is  reliable  when  comparing  nails,  spikes,  and 
screws  among  themselves;  the  resistance  being  in  direct  proportion 
to  the  surfaces  in  contact. 

The  adhesion  of  nails  and  spikes  depends  upon  the  compression  of  the 
fibers  of  the  wood ;  hence  increasing  this  compression  increases  the  ad- 
hesion up  to  the  limit  when  the  wood  splits. 

The  compression  of  the  wood  at  right  angles  to  the  direction  of  the 
grain  appears  more  efficient  than  the  endwise  compression,  particularly 
in  the  white  and  yellow  pine;  therefore,  by  driving  the  nail  with  the 
taper  crosswise  its  adhesion  is  increased  provided  the  stick  does  not 
split. 


tbeir  points,  offer  less  resistance  than  tapering  ] 
that  large  spikes  displace  too  much  wood  for  n 
adhesion. 

Barbed  nails  in  white  pine  show  increased  resist 

pine  and  oak  the  resistance  is  much  diminished 

ferred  that  except  in  verj'  soft  wood,  barbing  is  a 

^Water-soaked  sticks  give  less  resistance  than  d 

In  driving,  side  bk)ws  of  the  hammer  obviousl 

The  average  adhesion  of  several  nails  drawn  at 

than  the  adhesion  of  nails  drawn  singly. 

The  resistance  of  screws  per  square  inch  of  su 
cess  of  the  rc^/sistance  of  nails. 

The  adhesion  of  nails  is  principally  dependent 
tween  the  surface  of  the  nail  and  the  wood;  wher< 
enter  the  wood  and  depend  for  strength  upon  the 
Terse  resistance  of  the  fibers. 

The  disturbance  of  fibers  when  the  screws  are 
a  distance  of  one  or  more  diameters  on  either  side 
ing  upon  the  toughness  of  the  wood. 

p^ails  driven  in  white  pine  wood,  perpendiculAr  to  the  grain.    Drawi 

Dimensions  of  stick  A,  8"x3",  by  72^'.25  long. 
Specific  gravity,  .4666. 


Size  of 
nails. 

Length 
driven. 

Surface 

of  nail  in 

wood. 

Adhesiye  reaiatance. 

Average. 

Total. 

Per  sqaare 
inch  of  sur- 

Total. 

face  in  wood. 

Inches, 

Sq.inehet. 

Poundt, 

Poundt. 

Pounds. 

8d. 

1.5 

.706 

306 

■^ 

) 

8d. 

1.6 

.706 

264 

Js 

8d. 

1.5 

.705 

346 

>      817 

4 

J 

8d. 

1.5 

.706 

832 

8d. 

1.6 

.705 

838 

J 

Od. 

1.75 

.857 

362 

^ 

9d. 

1.75 

.857 

604 

>      390 

455 

Od. 

1.75 

.857 

340 

.9d. 

1.75 

.867 

356 

J 

iod.F 

2.25 

.967 

422 

1 

10d.F 

2.25 

.967 

340 

407 

421 

10d.F 

2.25 

.967 

486 

lOdF 

2.25 

.967 

380 

) 

20  d. 

2.50 

1.55 

920 

] 

20  d. 

2.50 

1.55 

710 

74 

477 

20  d. 

2.50 

1.55 

770 

20  d. 

2.50 

1.56 

660 

J 

8.  Ex.  36 29 


456       TESTS   OF   IRON   AND    STEEL   AND   OTHER   MATERIALS. 

[KftiU  ftod  spikes  driven  in  the  same  stick  of  white-pine  wood,  peipendicnlar  to  the  fraln.    Dnvo 

out  parallel  to  their  length.] 

Dimensions  of  stick  B,  7".94  x  7'^94  by  72''.25  long. 
Specific  gravity,  .4717. 


Size  of 
nail 

Length 
driven. 

Sarftuse 

of  nail  in 

wood. 

Adhesive  reslstanoe. 

i 

Average. 

Bemarks. 

Total. 

Per  square 
inohofsnr- 

1 

TotaL 

1 

face  in  wood. 

! 

Sq.  inchei. 

Pounds. 

Pounds. 

Pounds. 

50  4. 

3.00 

2.64 

1,020 

] 

50  d. 

3.00 

2.64 

845 

\      916 

347 

50  d. 

3.00 

2.64 

882 

50  d. 

3.00 

2.64 

912 

J 

• 

60  d. 

4.00 

8.60 

1,844 

] 

50  d. 
50  d. 

4.00 
4.00 

3.60 
3.60 

1,805 
1,216 

\  1,305 

863 

50  d. 

4.00 

3.60 

1.264 

J 

00  d. 

3.00 

2.79 

980 

60  d. 
60(1. 

3.00 
3.00 

2.79 
2.79 

1,066 
960 

I      976 

860 

60  d. 

3.00 

2.79 

918 

60  d. 

•    4.00 

Z.SO 

1,160 

' 

60  d. 
60  d. 

4.00 
4.00 

3.80 
3.80 

1,275 
1,338 

I  1,292 

840 

1 

66  d. 

4.00 

aso 

1,394 

1 

60  d. 

4.00 

8.80 

1,440 

1 

60  d. 
00  d. 

4.00 
4.00 

3.80 
8.80 

1,492 
1,510 

I  1,456 

870 

60  d. 

4.00 

3.80 

1,382 

J 

j 

[Nails  driven  obiiqne  to  line  of  pull  30  degrees.] 


60  d. 
60  d. 
60  d. 

4.00 
4.00 
4.00 

8.80 
3.80 
3.80 

820 

878 

1,066 

918 

242 

Tears  up  the    wood    and  > 
bends  the  naiL 

[Nails  driven  with  taper  crosswise  the  grain.] 


60  d. 

4.00 

3.80 

1,744 

60  d. 
60  d. 

4.00 
4.00 

3.80 
3.80 

1,886 
1,848 

I  1,749 

460 

60  d. 

4.00 

3.80 

1,570 

J 

[Nails  driven  parallel  to  the  grain.] 


8d. 

1.50 

.705 

114 

1 

i 

8d. 
8d. 

1.50 
1.50 

.706 
.705 

168 
.    .124 

134 

190 

I 

8d.^ 

1.51) 

.706 

199 

Driven  within  h"  of  a  star 
check.                                   1 

8d. 

1.50 

.705 

64 

9d. 

1.75 

.857 

205 

1 

9d. 
9d. 

1.75 
1.75 

.857 
.857 

188 
188 

183 

214 

' 

9d. 

1.75 

.857 

150 

J 

, 

10  d.  F 

2.25 

.967 

222 

1 

10  d.  P 

2.25 

.967 

168 

248 

251 

1 

lOd.F 

2.25 

.967 

318 

10d.F 

2.25 

.907 

262 

^ 

1 

20  d. 

2.50 

1.55 

336 

I 

20  d. 

2.50 

1.55 

426 

369 

238 

1 

}  20  d. 

2.60 

1.55 

355 

20  d. 

2.50 

1.65 

860 

^ 

1 
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Size  of 
nail. 

Length 
driveiL 

Surface 

of  nail  in 

wood. 

Adhodive  reaistance. 

Remarks. 

Total 

Average. 

1 
Per  sanaro 

Total 

inch  of  snr- 
face  in  wood. 

Inches, 

Sq.inehet, 

Poundi. 

PWTUUl. 

Pounds. 

50  d. 

3.00 

2.64 

492 

1 

50  d. 
60  d. 

8.00 
3.00 

2.64 
2.64 

370 
532 

506 

192 

SpUt  the  wood. 

60  d. 

3.00 

2.64 

632 

J 

■ 

50  d. 

4.00 

3.66 

735 

1 

50  d. 
50  d. 

4.00 
4.00 

3.60 
3.60 

808 
690 

^      693 

192 

Do. 

sod. 

4.00 

3.60 

533 

60  d. 

3.00 

2.79 

622 

60  d. 

3.00 

2.70 

449 

60  d. 

3.00 

2.79 

280 

>      458 

164 

Brly  en  close  by  a  Star  check. 

60  d. 

3.00 

2.79 

446 

1 

60  d. 

8.00 

2.79 

405 

60  d. 

4.00 

8.80 

898 

1 

epd. 

4.00 

3.80 

948 

«. 

222 

60  d. 

4.00 

3.80 

674 

60  d. 

i.00 

3.80 

846 

J 

60  d. 

4.00 

3.80 

625 

1 

60  d. 

1  60  d. 

4.00 
4.00 

3.80 
3.80 

640 
610 

m 

166 

Barbed. 

^d. 

1 

4.00 

3.S. 

648 

J 

[Steel  wire  nails  driven  perpeudicular  to  the  grain.    Stick  B.] 


^Length 
of  nail. 


Adhesive  resistance. 


^?"^^  ^i'A' 


Average. 


driven. 


Inches.  \  Inches. 
3.00  2.00 


3. 00 
3.00 
3.00 


2.00 
2.00 
2.00 


wood. 


Total. 


Total. 


,  inch.    Pounds.     Pounds. 
.83    I         138    ;) 
.  83    I         142    i  1 
.83     I  142       ) 

.83    I  134     I J 

I 


139 


Per  sqnare 
inch  of  ear- 
face  in  wood. 


Pounds. 


167 


Remarks. 


[Driven  parallel  to  graib.] 


3.00 

2.00 

.83 

112 

3.00 
3.00 

2.00 
2.00 

.83 
.83 

78 
110 

I      105 

126 

3.00 

2.00 

.83 

118 

J 

452       TESTS   OF   mON   AND   STEEL   AND    OTHER  MATERIAJLS. 


SPIKES, 


X'    -» 


[Driven  perpendionlar  to  the  grain.    Stick  B.J 


Length 
spike. 

Length 
driven. 

Surface 
of  spike 
in  wood. 

Adhesive  resistance. 

1 
Remarks. 

Total. 

Average. 

TotaL 

Per  square 
inchot  sur- 
face in  wood. 

InehM, 
8.00 
&00 
8.00 
8.00 

InchM. 
4.00 
4.00 
4.00 
4.00 

SqAnch€9. 
6.00 
6.00 
6.00 
6.00 

Pound*.     Poundt, 
1,060      \ 

1,422    (J 

Poundt, 
224 

[Driven  parallel  to  the  grain.] 


8.00 
8.00 

4.00 
4.00 

6.50 
6.50 

430 
476 

1    - 

70 

[Bailroad  spikes  driven  i»erpendiouIar  to  the  grain.    Stick  B.] 

^y^-2 

*■       - 


Length 
spike. 

Length 
driven. 

Surface 
of  spike 
in  wood. 

Adhesive  resistance. 

Bemarka. 

Total. 

Average. 

Total. 

Per  square 
inch  of  sur- 
face in  wood. 

6  " 
6 
6 
6 

IneheM. 
8.75 
3.75 
8.75 
8.75 

Sq.inchet. 
6.96 
6.06 
6.96 
6.06 

Pounds, 
1,250 
1,820 
1.980 
2,740 

Poundt. 
\  1.823 

Poundt. 
262 

C  Not  weU  driven ;  side  blows 
I    given  with  hammer. 

CUfaila  and  spikes  driven  into  the  wood  perpendicnlar  to  the  jcrain,  w] 
tl&en  placed  where  exposed  to  tide-water  and  air,  alternately,  and  alloi 
*wet  for  a  period  of  thirteen  days,  and  then  tested.) 

NAILS. 


Bixe  of 
nalL 

Len^ 
driven. 

Snrfaoe 

ofnaUin 

wood. 

Adhesive  resistance. 

Total. 

Average. 

Total. 

Per  sanare 
inch  01  sur- 
face in  wood. 

60  d. 
00  d. 
60  d. 
00  d. 

IfUhSM. 

4.00 
4.00 
4.00 
4.00 

Sq.ineKet. 
8.80 
8.80 
8.80 
3.80 

Poundt. 
746 
715 
745 
790 

Poundt, 
I      747 

Poundi. 
107 

SPIKES. 


8^.00 
8.00 


4.00 
4.00 


6.50 
6.50 


1,550 
1,448 


}   1,409 


231 


The  above  nails  when  withdrawn  showed  no  si| ; 
face  which  was  in  the  wood.  The  stick  was  ap]  i 
as  deep  as  the  nails  were  driven. 

Stick  B. 

(Tellow  pine  cleats  2^'  thick,  nailed  with  60d.  nails,  driven  3"  into  t 
4he  grain,  the  taper  of  tne  nails  being  crosswise  the  grain  of  the  white  ; 


No.  of 
nails. 

How  driven. 

Surface 

of  nails  in 

wood. 

Adhesive  resistance. 

TotaL 

Average. 

TotaL 

Per squ  i 
inchc 

surface 
wood 

2 
2 
2 
2 

4 
4 

4 
4 

2 
2 
2 
2 
2 

4 

4 
4 

4 

Peipendicnlarly 
'.'.V.do  '.'.'.'.'.'.'.'.v.'. 

Sq.inchet. 
5.58 
5.58 
5.58 
5.58 

11.16 
11.16 
1L18 
IL16 

5.68 
5.58 
5.58 
5.58 
5.58 

11.16 
11.16 
11.16 
11.16 

Poundt. 
1.267 
1,863 
1,336 
1,305 

2,278 
2,780 
2,350 
2,275 

2.240 
1,210 
1.745 
1,807 
894 

2,590 
2,485 
2,874 
3,490 

Poundt. 
I    1,443 

I     1,773 
804 

.    2,860 

Pounc 

;  i 

....do 

....do 

....do 

....do    

do 

Oblique  20O 

....do 

....do 

....do 

....do 

-do 

....do 

i 

....do 

1 

....do 

454   TESTS  OF  IRON  AND  STEEL  AND  OTHER  MATERIALS. 

[Nails  and  spikes  diiren  in  the  same  stiok  of  yellow-pine  wood  perpendicular  to  the  grain.    Dcavn 

out  parallel  to  their  length.] 

Dimensions  of  stick  D,  8^'.20x8".27  by  73"  long. 
Bate  of  growth,  12  to  20  rings  per  inch. 
Specific  gravity,  .7862. 


Sieeof 
naU. 

LcaiRth 
driven. 

Surface 

of  nails  in 

wood. 

Adhesive  resistance. 

Bemarks. 

TotaL 

Average. 

Total. 

Per  square 
inch  of 

surface  in 
wood. 

8d. 
8d. 
8d. 
8d. 

9d. 
9d. 
9d. 
9d. 

lOd.  F. 

iod.r. 

lOd.  F, 
lOd.  F. 

20d. 
20d. 
20d. 
20d. 

60d. 
60d, 
50d. 
60d. 

50d. 
50d. 
50d. 
60d. 

60d. 
60d. 
60d. 
60d. 

60d. 
60d. 
60d. 
60d. 

60d. 
60d. 
OOd. 
60d. 

60d. 
OOd. 
OOd. 
60d. 

Inehet. 
1.60 
1.50 
1.50 
L60 

1.75 
1.75 
1.75 
1.75 

2.26 
2.25 
2.25 
2.25 

2.60 
2.60 
2.50 
2.60 

3.00 
3.00 

aoo 

8.00 

4.00 
4.00 
4.00 
4.00 

3.00 
8.00 
3.00 
8.00 

4.00 
4.00 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 

Sq.ineheg. 
.705 
.705 
.706 
.705 

.867 
.867 
.857 

.867 

.967 
.967 
.967 
.967 

1.55 
1.56 
1.65 
1.55 

2.64 
2.64 
2.64 
2.64 

8.60 

•   3.60 

3.60 

3.60 

2.79 
2.79 
2.79 
2.79 

3.80 
3.80 
3.80 
3.80 

8.80 
3.80 
8.80 
3.80 

8.80 
3.86 
3.80 
3.80 

PouTidf. 
436 
446 
530 
648 

490 
638 
656 
695 

752 
626 
772 
770 

970 
1,008 

975 
1,116 

1,560 
1,665 
1,240 
1,848 

2,165 
2,388 
2,582 
2,710 

1,470 
1,655 
1,848 
1,764 

2,016 
2,588 
2,590 
2,838 

2,445 
3,190 
2,074 
3,065 

1,640 
1,660 
1,990 
1,895 

Poundt. 
\      490 

645 

I      730 

S  1,016 

[  1.674 

>  2,461 

\  1,684 

I  2,608 

I  2,918 

I  1.796 

Poundt, 
696 

636 

755 

655 

596 

684 

604 

660 

768 

473 

PuUed  head  off  naiL 

5  Driven  with  taper  of  the 
(     nail  crosswise  the  grain. 

Corners  of  nails  barbed. 

« 

In  the  foregoing  tests  the  nails  were  driven  into  the  yellow-pine  stick 
in  rows  across  the  stick ;  one  row  for  each  size  nail  or  style  of  drivings 

The  difference  in  adhesioiv  shown  by  the  tests  along  one  edge  over 
the  other  was  also  observed  in  the  driving;  the  edge  which  gave  the 
greater  resistance  against  palling  offered  the  greater  resistance  to 
driving. 


TESTS   OP   IRON   AND   STEEL   AND    OTHER   MATERIALS.       455 
[NailB  driven  parallel  to  the  grain]. 


Siseef 
nail. 

Length 
driven. 

Sarfaoe 

of  nail  in 

wood. 

Adhesive  reeiatance. 

Semarks. 

Total. 

Average. 

TotaL 

Per  square 
inch  of 

surface  in 
wood. 

8d. 
8d. 
8d. 
8d. 

9d. 
9d.- 
9d. 
9d. 

10d.F. 
10d.F. 
lOd.  F. 
lOd.  F. 

20d. 
20d. 
20d. 
20d. 

50d. 
50d. 
50d. 
50d. 

60d. 
50d. 
SOd. 
60d. 
SOd. 

60d. 
OOd. 
60d. 
OOd. 

OOd. 
OOd. 
OOd. 
60d. 

OOd. 
OOd. 
09d. 
60d. 

LSO* 
1.60 
1.60 
L50 

1.75 
1.75 
1.76 
1.75 

2.25 
2.25 
2.25 
2.25 

2.50 
2.50 
2.50 
2.50 

3.00 

8.00 

8.00 

-   8.00 

4.00 
4.00 
4.00 
4.00 
4.00 

3.00 
8.00 
3.00 
8.00 

4.00 
4.00 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 

.705 
.705 
.705 
.705 

.857 
.857 
.867 
.857 

.967 
.907 
.967 
.967 

L55 
1.55 
l..«5 
1.55 

2.64 
2.64 
2.64 
2.64 

3.60 
3.60 
3.60 
3.60 
8.60 

2.79 
2.79 
2.79 
2.79 

&80 
3.80 
8.80 
8.80 

8.80 
8.80 
3.80 
3.80 

Poundt, 
398 
426 
420 
410 

680 
525 
536 
438 

562 
496 
890 
528 

1,022 

1,110 

720 

918 

1,410 
1,258 
1,208 
1,327 

1,960 
1,735 
1,705 
1,578 
1,894 

1.180 
1,160 
1,345 
1,536 

1.845 
1,894 
1,760 
1,754 

1,596 
1,570 
1,215 
1,050 

Poundi. 
414 

I      519 

I      494 

I      918 

[  1,301 

\  1,774 
[  1,305 
\  1,812 
.  1,507 

Poundt. 
587 

000 

511 

608 

493 

• 

493 

468 
477 
897 

Barbed. 

45 1>       TESTS   OP   IRON   AND   STEEL   AN©   OTHER   MATEKIALS. 
[Steel  wire  naila  driven  perpendlcniar  to  the  grain.    Stick  I>.] 


liongth 

of  IMil. 

Length 
driven. 

Surface 

of  nail  in 

wood. 

Adhesive  resistance. 

! 

Bemarks. 

Totol. 

■    Average. 

TotaL 

Per  square 
inch  of 

surfibcein 
wood. 

Inehis. 
3.00 
8.00 
3.00 
3.00 

Inehet. 
2.00 
2.00 
2.00 
2.00 

Sq.ineh. 
.88 
.83 
.83 
.83 

Poundt. 
205 
288 
278 
224 

Po^mds. 
264 

Poundt. 
818 

[Driven  parallel  to  the  grain.] 


3.00 

2.00 

.88 

105 

} 

3.00 
3.00 

2.00 
2.00 

.83 
.83 

188 
'270 

209 

252 

3.00 

2.00 

.83 

181 

[Spikes  driven  pecpendicnlar  to  the  grain.    Stick  D.  ] 


&00 
8.00 
8.00 
&00 

4.00 
4.00 
4.00 
4.00 

2,555 
S890 
2,034 
2,845 

I  2,806 

432 

• 

[Spikes  driven  in  yellow-pine  wood  perpen  dionlar  to  the  grain.  ] 

Dimension  of  stick  B,  10".9xl0''.9  by  iS''. 10  long. 
Bate  of  growth,  11  rings  per  inch. 
'Specific  gravity,  .6428. 


Length 
of  spike. 

Length 
driven. 

Surface 
of  spike 
in  wood. 

Adhesive  resistance. 

Kemarks. 

Total. 

Average. 

Total. 

Per  sqnare 
inch  of 

surface  in 
wood. 

Inehst. 

8.00 
&00 
8.00 
6.00 

Inehet. 
5.90 
5.00 
5.90 
5.90 

Sq.inehet. 
10.80 
10.30 
10.80 
10.30 

Poundt. 
7,575 
6,060 
8,364 
3,910 

Poundt. 

'  6,477 

Poundt. 
620 

5  Driven  near  a  season  crack 
I     in  the  wood. 

TESTS    OF   IRON   AND    STEEL    AND   OTHER   MATERIALS.      457 


fN^aila  and  spikes  driren  into  the  wood  perpendioalar  to  the  grain,  when  it  was  dry.  The  stick  was 
then  placed  where  exposed  to  tide-water  and  air  alternately,  and  allowed  thus  to  be  intermittingly 
wet  for  a  period  of  thirteen  days,  and  then  tested.    Stick  D.  J 

NAILS. 


Size    of 
nail. 

Length 
driven. 

Surface 
wood. 

Adhesive  resistance. 

Semarks. 

Total. 

Average. 

Per  square 

Total          *°<^**  <>' 
^«**'-      surface  in 
wood. 

60d. 
60d. 
60d. 
60d. 

Inehet. 
4.00 
4.00 
4.00 
4.00 

Sq.\n»he9.'  Pounds. 
3.80          1,740 
8. 80          1. 690 
3.80          1,745 
3. 80          2. 240 

Pounds. 
\  lt864 

Pounds, 
488 

SPIKES. 


8.00* 
8.00 

4.00 
4.00 

6.60 
6.50 

1.836 
2,010 

}l.»23 

296 

The  above  nails  when  withdrawn  from  the  wood  showed  no  signs  of 
rust  on  the  surface  which  was  in  the  wood.  The  stick  was  apparently 
water-soaked  as  deep  as  the  nails  were  driven. 

W  [White-oak  cleats  21"  thick,  nailed  with  60d.  nails,  driven  Z"  into  the  yellow  pine  perpendicular  to 
the  grain.    The  taper  of  the  nails  being  crosswise  the  grain  of  the  yellow  pine.    Stick  D.J 


"a 

a 
"S 

1 
i 

How  driven. 

Surface 
of  nails  in 

Adhesive  resisUnce. 

Average.            | 

Remarks. 

wood. 

Total. 

Total, 

Per  Hquare . 

inch  of 

surface  in 

wood. 

2 

Perpendicular. 

Sq.incKes. 

5.58 

5.58 

6.58 

5.58 

11.16 

11.16 

11.16 

11.16 

5.58 

5.58 

5.58 

5.58 

Pounds. 
1,996 
2,040 
2,445 
2,395 
5,580 
4,540 
6,794 
5,240 
2,270 
3  280 

Pounds. 
\  2.219 

\  5,288 

Pounds.    ! 
808 

474 

499    1  One  naU  split  the  wood. 

i 

...do 

...  do 

....do 

...do 

...do 

...  do 

Oblique  20O  ... 
do 

..  do 

3  090      >  2.782 

....do 

2,486 

i 

In  the  above  set,  where  two  60d.  nails  were  driven  oblique  (their  in- 
clmation  being  in  opposite  directions),  they  were  bent  in  pulling,  so 
that  their  points  were  nearly  parallel.  One  nail  in  each  case  was  fract- 
ured under  the  bending  and  tensile  stresses. 
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CO 

*S 

R 

1 

How  driven. 

Snrfaoe 

of  nails  in 

wood. 

Adhesive  resiauince. 

1 

Tot*l. 

Average. 

1 
Bemarks.                      ' 

Total 

Per  square 
inch  of 

Borfaoein 
wood. 

1 
1 

4 

4 
4 
4 

Oblique 20O  ... 

....do 

...do 

do 

Sq.inehes. 

1L16 

11.16 
11.16 
11.16 

Pounds. 

4,070 

5,210 
3,480 
3,785 

Pounds. 
\  *,136 

Pounds 
371 

}     out  wood.                                1 

i 

[KailB  driven  in  white-oak  wood  perpendicular  to  the  grain.    Drawn  oat  parallel  to  their  length.] 

Dimensions  of  stick  F,  8''x8''  by  72'^25  long. 
Kate  of  growth,  9  rings  per  inch. 
Specific  gravity,  .7603. 


Size  of 
nail. 

Length 
driven. 

Surface 

of  nail  in 

wood. 

Adhesive  resistance. 

Remarks. 

TotaL 

Average. 

TotaL 

Per  square 

Inch  of 

surface  in 

wood. 

8d. 
8d. 
8d. 
8d. 

9d. 
9d. 
9d. 
Od. 

20d. 
20d. 
20d. 
20d. 
20d. 
20d. 
20d. 

50d. 
60d. 
50d. 
50d. 
50d. 

fiOd. 

60d. 
60d. 
60d. 
60d. 
60d. 
60d. 
60d. 

60d. 

60d. 
60d. 
60d. 
60d. 
60d. 

Inehss, 
1.50 
1.50 
1.50 
1.50 

1.75 
1.75 
1.75 
1.75 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

8.00 
8.00 
8.00 
3.00 
8.00 

4.00 

8.00 
3.00 
3.00 
8.00 
3.00 
8.00 
3.00 

8.00 

3.00 
8.00 
3.00 
8.00 
3.80 

Sq.inehes. 
.705 
.705 
.705 
.705 

'  .857 
.857 
.857 
.857 

1.55 
1.55 
1.55 
1.55 
L65 
1.65 
1.66 

2.64 
2.64 
2.64 
2.64 
2.64 

8.60 

2.79 
2.79 
2.79 
2.79 
2.79 
2.79 
2.79 

2.79 

2.79 
2.79 
2.79 
2.79 
3.10 

Pounds. 

924 

985 

1, 032 

840 

1,052 

945 

1,048 

1,062 

1.895 
2,046 
2,090 
1,980 
1,650 
1,820 
2,045 

2,998 
2,706 
3,210 
2,990 
2,810 

8,260 

2,410 
2.985 
2,630 
8,842 
1,760 
2.870 
2,894 

2,920 

2,875 
3,275 
3.288 
8,484 
2,980 

Pounds. 

\- 

\  1.027 
I  2,003 

Pounds. 
1,340 

1.198 

1,292 

Pulled  off  nail  head. 

Pulled  nail  apart. 

Pulled  nail  apart  by  tensloii 

(57.000  pounds  per  square 

inch.) 

Pulled  naU  apart.    Granu- 
lar corner  at  firacture. 
Fulled  off  nail  head. 

Barbed. 

fDrew   out   i"   with    1,800 
)     pounds,  then  th<>  resiat- 

[    pounds. 

SDriven  with  the  taper  oroM- 
\    wise  the  grain. 

I  2,976 

1,127 

I  2,848 
I  2,861 

I  8,230 

1,018 
846 

1,158 
961 

The  temperature  of  the  50d.  and  60d.  nails  was  sensibly  increased  by 
the  friction  of  driving  and  drawing  in  the  foregoing  tests  with  white 
oak. 
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[Nails  driven  parallel  to  the  graiii.] 


Size  of 
naa 

Length 
driven. 

Snrfaoe 
ofnaUin 

Adhesive  resistanoe. 

Remarks. 

Average. 

wood. 

Total. 

'  Per  sqnare 

^o*--     .^"'in 

wood. 

1 

InchM. 

8q.ineht9, 

PoundM. 

P<mnd9, 

Poundi. 

8d. 

1.50 

.705 

704 

^ 

8d. 

1.50 

.705 

896 

I          »a^ 

8d. 

1.60 

.705 

748 

>      780 

1.106 

8d. 

1.50 

.705 

774 

J 

9d. 

1.75 

.857 

840 

] 

Od. 

1.75 
L76 

.867 
.857 

936 
1.070 

\  1.010 

1.179 

5Driven  near  the  heart  of  the 
I    stiok. 

9d. 

1.76 

.857 

1,192 

j 

20d. 

2.50 

1.55 

1,974 

"j 

20d. 
20d. 

2.50 
2.50 

1.55 
1.55 

1,905 
1,447 

\  1.731 

1,117 

20d. 

2.50 

1.55 

1,598 

J 

50d. 

3.00 

2.64 

2,100 

[  2,462 
J 

50d. 
50d. 

8.00 
8.00 

2.64 
2.64 

2,440 
2,886 

983 

50d. 

3.00 

2.64 

2;  420 

50d. 
60d. 

3.00 
8.00 

2.64 
2.79 

2,878 
2,695 

Palled  o£f  head. 

\ 

60d. 
60d. 

8.00 
8.00 

2.70 
2.79 

2,635 
3,276 

\  2.848 

1.021 

80d. 

3.00 

2.79 

2.788 

J 

OOd. 

8.0O 

2.79 

2,232 

] 

OOd. 
60d. 

3.00 
3.00 

2.79 
2.79 

1,770 
2.080 

\  2,138 

766 

Barbed. 

fiOd. 

3.00 

2.79 

2,470 

J 

[Steel  wire  nails  driven  perpendicular  to  the  grain.    Stick  F.] 


Length 
of  nail. 

Length 
driven. 

Snrface 

of  nail  in 

wood. 

Adhesive  resistance. 

Remarks. 

Total. 

Average. 

Total. 

Per  square 
inch  of 

surface  in 
wood. 

Ineku. 
3.00 
3.00 
3.00 
3.00 

JneAsf. 
2.00 
2.00 
2.00 
2.00 

8q.incK, 
.83 
.88 
.83 
.83 

PoundM. 
772 
822 
980 
546 

Poundi, 

I      780 

Pound*, 
940 

[Driven  parallel  to  the  grain.  ] 


8.00 

2.00 

.83 

675 

8.00 

2.00 

.83 

670 

I      666 

802 

8.00 

2.00 

.83 

648 

8.00 

2.00 

.83 

772 

460   TESrS  OF  IRON  AND  STEEL  A^D  OTHER  MATEBIAL8. 

[Spikes  driven  perpendicalar  to  the  grain.    Stick  F.] 


Length 
apUes. 

Length 
driven. 

Surface 
of  spike 
in  wood. 

Adhesive  resiatance. 

' 

Total. 

Average. 

Remarka. 

Total. 

Per  sqnare 
iDCh  of 

sarfa^^e  in 
wood. 

1 

InOiM, 
6.00 
6.00 
6.00 
6.00 

InehsB, 
4.00 
4.00 
4.00 
4.00 

8q.ianeh€$. 
6.50 
6.50 
6.50 
6.50 

Pounds. 
4,864 
5,785 
5,240 
4,080 

Poundt. 
\  4,967 

Poundt. 
764 

1 

Driven  In  vicinity  of  carmek.  . 

1 

[Kails  and  splkea  driven  into  the  wood  perpendicnlar  to  the  grain  when  it  was  dry.  The  stiek  was 
then  placed  where  exposed  to  tide-water  and  air  alternately,  and  allowed  thus  to  be  intermittuiglj 
wet  for  a  period  of  thirteen  days,  and  then  tested.    Stick  F.  ] 


NAILS. 


Size  of 
naiL 

Length 
driven. 

Snrfiftoe 

of  nail  in 

wood. 

Adhesive  resistance. 

Remarks. 

Total. 

Average. 

Total. 

Per  square 
inch  of 

surface  in 
wood. 

60d. 
60d. 
60d. 
60d. 

3.90 
3.10 
8.10 
8.20 

8q.  inchiU. 
2.70 
2.90 
2.90 
8.00 

Poundt. 
2,150 
2.695 
1,888 
2,830 

Pounds. 

Poundt. 
796 
922 

651 

777 

SPIKES. 


Inahu. 
8.00 

aoo 


4.00 
4.00 


6.60 
6.50 


2,954 
2,996 


h- 


975 


458 


The  above  nails  when  withdrawn  from  the  wood  showed  no  signs  of 
rust  on  the  surface  whioh  was  in  the  wood.  The  stick  was  apparently 
water-soaked  as  deep  as  the  nails  were  driven. 
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[Kails  and  spikes  driven  in  chestnut  wood  perpendicular  to  the  grain.    Drawn  paraUel  to  their  length.  ] 

NAILS. 


Size  of 
nail. 

Length 
driven. 

Surfece 

of  nail  in 

wood. 

Adhesive  resistance. 

Bemarks. 

TotaL 

Average. 

Total. 

Per  square 
inch  of 

surface  in 
Wood. 

50d. 
60d. 
sod. 
50d. 

60d. 
60d. 
60d. 
60d. 

60d. 
60d. 
60d. 
60d. 

60d. 
60d. 
60d. 
60d. 

iMhet, 
4.00 
4.00 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 

Sq,  iTUihe*. 
3.60 
3.60 
3.60 
3.60 

3.80 
3.80 
3.80 
3.80 

8.80 
3.80 
8.80 
3.80 

3.80 
8.80 
3.80 
8.80 

Toundt. 
2,435 
2,400 
2,305 
2,240 

2,606 
2,614 
2,656 
2,700 

2.180 
2,474 
2,185 
2,565 

2,688 
2,746 
2,545 
2,623 

Poundt. 
I  2,300 

1  2.667 

[  2,361 
1   2.703 

Poundt, 
664 

• 
702 

618 
735 

Barbed. 

{Nails   driven    with    taper 
I    crosswise  the  grain. 

SPIKES. 


Inehet. 

&00 

6.00 

10.50 

8,180 

> 

8.00 

6.00 

10.50 

7.010 

>  7,563 

720 

8.00 

6.00 

10.50 

7,500 

S 

Pulled  off  head. 

[NaUs  driven  in  California  laurel  wood  perpendionlar  to  the  grain.    Drawn  out  parallel  to  their  length.  ] 

Dimensions  of  stick,  4"  x  6"  by  40^'  long. 

Specific  gravity,  .7190. 

Eate  of  growth,  14  rings  per  inch. 


Siseof 
naa 

Length 
driven. 

Surface 

ofnaUin 

wood. 

Adhesive  resistance. 

Bemarks. 

Totel. 

Average. 

Total. 

Per  square 
inch  of 

surface  in 
wood. 

Od. 
Od. 
Od. 
Od. 

Inehtt. 
1.76 
1.75 
1.76 
1.75 

Sq.ineh. 
.857 
.857 
.857 
^7 

Powndt. 

1,042 
018 
008 

1,080 

Poundt, 
1,010 

Poundt. 
1,170 

[Driven  paraUel  to  grain.] 


Od. 

1.76 

.867 

440 

] 

Od. 

L75 

.857 

505 

558 

651 

Od. 

1.75 

.867 

588 

Od. 

1.75 

.857 

610 

J 
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[Steel  wire  nails  driven  perpendicular  to  the  grain.] 


Length 
ofnaU. 

Length 
driven. 

Surface 

of  nail  in 

wood. 

Adliesive  resistance. 

Bemarks. 

Total: 

Average. 

Total. 

Per  square 
inch  of 

surface  In 
wood. 

Inehet, 
3.00 
8.00 
8.00 
3.00 

InehM, 
2.00 
2.00 
2.00 
2.00 

Sq.  inch. 
.83 
.88 
.88 
.83 

Poundt. 

780 

708 

•    720 

728 

Poundt. 

1 

S      756 

Poundt, 
911 

1 

[Driven  parallel  to  the  grain.] 


3.00 

2.00 

.88 

420 

1 

3.00 

2.00 

.83 

508 

«5 

8.00 

2.00 

.83 

544 

3.00 

2.00 

.68 

847 

I 

548 


RESISTANCE  OF  NAILS  TO  DRIVING. 

[Driven  slowly  with  hydraulic  power,  perpendicular  to  the  grain,  in  white  and  yellow  pine  wood.] 

White-pine  wood.    Stick  B, 


Size  of 
nail. 

Length 
driven. 

Surface 

of  nail  in 

wood. 

Maximum  resistance. 

Total 

Average. 

1 
Bemarks. 

1 

I^r  square 

Total         ^°?^  ^{ 
*"'*'*•      surface  in 

wood. 

50d. 
50d. 
50d. 
50d. 
50d. 
50d. 
50d. 
50d. 

Inchet. 
3.00 
3.00 
8.00 
3.00 
4.00 
4.00 
4.00 
4.00 

2.64 
2.64 
2.64 
2.64 
3.60 
8.60 
8.60 
3.60 

Poundt. 
1,020 
1,084 
1.010 
1,020 
1,840 
1.495 
1,447 
1,482 

Poundt. 
I  1.088 

I  1,428 

Poundt. 
891 

397 

Yellow-pime  wood. 

Stick  D. 

50d. 

8.00 

2.64 

1.476 

1 

1 

60d. 
50d. 

3.00 
3.00 

2.64 
2.64 

1,386 
1,564 

\  1.509 

572 

50d. 

3.00 

2.64 

1.610 

J 

60d. 

4.00 

8.60 

2,100 

1 

1 

50d. 

4.00 

3.00 

l.?S   \^^ 

635 

50d. 

4.00 

8.60 

60d. 

4.00 

3.60 

2.540      J 

The  maximum  resistance  to  driving  in  each  case  is  the  recorded  one. 
The  resistance  to  penetration  varies  as  the  nails  reached  different  layers 
of  the  wood.  At  times  the  nails  would  continue  to  enter  the  wood  under 
a  load  less  than  they  had  previously  resisted,  this  variation  in  resist- 
ance amounting  to  over  100  pounds. 
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[ WocKl-BorewB  driven  in  white-pine  wood,  perpendicnlAr  to  the  gnin,  in  rows  of  4  each,  if"  apart  in 
the  row,  and  rows  8"  apart.    The  same  stick  of  wood  emploj'ed  as  with  50d.  and  60d.  nails.     Stick  B.J 

Drawn  parallel  to  their  length. 


Number 

of 
screw. 


Length  of 
screw. 


Diameter 
of  hole. 


Lenjcth 
driven. 


Surface  of 

screw  in 

wood. 


Adhesive  resistance. 


Total. 


Average. 


Total. 


Per  square 
inch  of 

surface  in 
wood. 


12 
12 
12 
12 

12 

12 
12 
12 

\t\ 

I 

16 
16 
16 
16 

18 
18 
18 
18 

14 
14 
14 
14 

18 
18 
18 
18 

18 
18 
18 
18 

18 
18 
18 
18 

18 
18 
18 
18 

18 
18 
18 
18 


Inehet. 
1.60 
1.50 
1.50 
L50 

2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
3.00 

2.00 
2.00 
2.00 
2.00 

2.60 
2.60 
2.50 
2.50 

2.50 
2.50 
2.50 
2.50 

2.50 
2.50 
2.50 
2.50- 

3.00 
3.00 
3.00 
8.00 

8.00 
8.00 
3.00 
3.00 

3.50 
3.50 
3.50 
3.50 


Inehet. 
None  . . . 

...do 

...do.... 
...do-... 

...do  .... 
...do.... 
...do.... 
...do.... 


...do... 
...do... 
...do... 
...do... 

...do... 
...do... 
...do... 
..^o... 

i...do... 
...do  ... 
...do... 
...do... 

L.  do... 
..^o... 
...do... 
...do... 

...do... 
...do  ..JL 
...do.:. 
...do  ... 


S 


None  . . . 
...do.... 
...do  .... 
...do  .... 


None 
...do. 
...do. 
...do. 


InchM. 
.95 
.95 
.95 
.95 

1.25 
1.25 
1.25 
1.25 

1.25 
1.25 
1.25 
1.25 

1.25 
1.25 
1.25 
1.25 

1.25 
1.26 
1.26 
1.25 

1.62 
1.62 
1.62 
1.62 

1.62 
L62 
1.62 
1.62 

1.62 
1.62 
1.62 
1.62 

1.85 
1.85 
1.85 
L85 

1.85 
1.85 
1.85 
1.85 

2.10 
2.10 
2.10 
2.10 


Sq.  inehss. 
.66 
.56 
.56 
.56 

.79 
.79 
.79 
.79 


f.OO 
f.OO 
^00 
1.00 

Lll 
1.11 
1.11 
1.41 
1.11 
1.11 
1.11 
1.11 

1.28 
1.28 
1.28 
1.28 

1.28 
1.28 
L28 
1.28 

1.61 
1.61 
1.61 
1.61 

1.61 
1.61 
1.61 
1.61 

1.75 
1.75 
1.75 
1.75 


Poundt. 
586 
540 
526 
533 

786 
788 
700 
849 

837 
804 
710 
846 

912 
886 
780 
931 


958 
880 
944 

1,085 

1,026 

990 

1,058 

1,282 
1,182 
1,194 
1,289 

1,198 
1,229 
1,160 
1,250 

1,466 

1,447 

•  1, 497 

1,230 

1,497 
1,506 
1,502 
1,508 

1,662 
1,736 
1,665 
1,750 


Poundt. 
[         534 

J76 

I 

^  799 


Poundt. 
954 


982 


877 


877 


} 
} 
}■■ 


930 


1,040 


237 


209 


1,410 


937 


966 


944 


876 


934 


973 


12 

12 
12 
12 

12 
12 
12 
12 

14 
14 
14 
14 


Screws  driven  parallel  to  the  grain. 


1.50 
1.50 
1.50 
1.50 

2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 


None 
...do. 
...do. 
...do. 

...do. 
...do. 
...do  . 
...rto  . 

..do. 
..do. 
...do. 
...do. 


.95 
.95 
.95 
.95 

1.25 
1.25 
1.25 
1.25 

1.25 
1.25 
1.25 
1.25 


.56 
.56 
.56 
.56 

.79  , 

.79  I 

.79  I 
.79 

.89 
.89 


430 


367 

654 
436 
475 
518 

830 
890 
418 
545 


345 


496 


421 


616 


473 


Number 

of 
screws. 

Length  of 
screw. 

Diameter 
of  hole. 

Length 
driven. 

Surface  of 

screw  in 

wood. 

Total 

Average. 

TotaL 

Persqnare 
inch  of 

Bur&eein 
wood. 

1 

! 

i 
1 

1 
1 
1 

16 
16 
16 
16 

18 
18 
18 
18 

14 
14 
14 
14 

18 
18 
18 
18 

18 
18 
18 
18 

18 
18 
18 
18 

Inehei. 
2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
2:00 
2.00 

2.50 
2.50 
2.60 
2.50 

2.*%0 
2.60 
2.50 

aoo 

3.00 
3.00 
3.00 

3.50 
3.50 
3.50 
3.50 

Inchet. 

...do 

..do 

...do 

...do 

...do 

..do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..do 

...do 1 

Inehst. 
1.25 
1.25 
1.25 
1.25 

1.25 
1.25 
1.25 
1.26 

1.62 
1.62 
J.  62 
1.62 

1.62 
1.62 
1.62 
L62 

1.85 
1.85 
1.85 
L85 

2.10 
2.10 
2.10 
2.10 

Sg.inchei. 
1.00 
1.00 
1.00 
LOO 

1.11 
l.Jl 
1.11 
1.11 

1.11 
1.11 
1.11 
1.11 

1.28 
1.28 
1.28 
1.28 

1.61 
1.61 
1.61 
1.61 

1.75 
1.75 
1.75 
1.75 

Pounde. 
548 
610 
668 
485 

791 
805 
795 
798 

846 

850 

1,076 

790 

860 
865 
870 
947 

1,190 
985 

1,265 
876 

1.360 
1,130 
1,397 
1.290 

Pounds. 
I          653 

}  " 
}  - 
1  - 

1,079 

PoundM. 

653 

718 
802 
691 
670 
739 

I"  lag-screws,  driveii  perpendicular  to  the  grain.    Stick  B. 

i 

"  -H—  sK'  — 


r  Threads  per.  inch. 


(*) 

4.00 

(*) 

4.00 

(*) 

4.00 

(*) 

4.00 

4.50 

4.50 

4.^ 

4.50 

2.75 

2.78 

2,870 

2.75 

2.78 

2,918 

2.75 

2.78 

2,570 

2.75 

2.78 

2,628 

2.50 

2.87 

3,045 

2.60 

2.87 

2,810 

2.50 

2.87 

2,830 

2.50 

2.87 

2.460 

\      2,747 


2,784 


988 


970 


*  Line  of  pull  oblique  about  5o  to  axis  of  screw. 
^"  lag-screws  driven  perpendicular  to  the  grain.    Stick  B, 


5  Threads  -per  ineh- 


6.00 

A 

3.50 

5.22 

4,940 

] 

6.00 

A 

3.60 

5.22 

4.290 

\        4.591 

6.00 

A 

3.50 

6.22 

4,575 

880 

6.00 

A 

3.50 

6.22 

4,560 

J 

TESTS   OF   IRON   AND   STEEL   AND    OTHER   MATERIALS.       465 
i"  lag^crewa  driven  perpendicular  to  the  grain.    SHek  B. 


^•Thre€€4i^  perHnehn. 


8.00 

. 

6.00 

7.18 

6,290 

] 

8.00 
8.00 

A 

5.00 
&.00 

7.18 
7.18 

6,190 
5.920 

[        6,166 

857 

8.00 

^^ 

S.00 

7.18 

6,220 

J 

Dimensions  of  white-pine  stick  0,  used  in  following  tests: 

7^56x9^^50  by  55''  long. 

Specific  gravity,  .3922. 

Kate  of  growth,  7  rings  per  inch. 

1''  lag-aorewB  driven  perpendicular  to  the  grain, 
t 


4.  77ire€»d9  per.  ineh.-. 


Knmber 

of 
screw. 

Length 
of  screw. 

InehMs. 
&00 
8.00 
&00 
8.00 
10.00 
10.00 
10.00 
10.00 

Diameter 
of  hole. 

Ineh, 

\k 

■  ■  I 

■  ■  : 
■':  ■ 

Length 
driven. 

Snrtkceof 

■crew  in 

wood. 

Adhesive  resistance. 

Total. 

Avenge. 

Total. 

Per  square 
inch  of 

snrfkcein 
wood. 

InehM. 
5.00 
6.00 
5.00 
6.00 
&60 
&50 
6.50 
&50 

8q.  inches. 
18.7 
13.7 
18.7 
13.7 
19.14 
19.14 
19.14 
19.14 

Pounds. 
8,0501 
7,980  [ 
7.680f 
7, 420  J 
9,290) 
10, 230  [ 
10,-765f 
10, 860  J 

Pounds. 

7,777 

10,284 

Pounds. 
568 

687 

8.  Ex.  35- 


-30 


i"  lag-acrewa  artven  perpenauiuiar  to  tne  grain,    miek  v. 


^  ThrBCtOa  per  tncH. 


10.00 
10.00 


It 


6.00 

e.00 


17.55 
17.55 


9.925) 
9,830( 


9,827 


[Wood-sorews  driven  in  yellow  pine  wood,  perpendionlar  to  the  grain.  All  screvi  hare  bala 
bored  to  receive  them,  the  same  depth  as  the  length  driven.  The  screws  were  ereued  vitli  tiCit 
before  driving.    The  same  stick  of  wood  employea  as  with  the  nail  tests.    Stick  D.] 


Nnmber 

of 
screw. 

screw. 

Diameter 
of  hole. 

Length 
driven. 

Bnrfaceof 

screw 
in  wood. 

Adhesive  reaistsnoe. 

Avenge. 

Total. 

TotsL 

PeriqaaK 
ineSof 

iQTfkeis 
wood. 

JneAM. 

Iwik, 

IwihM, 

Sq^VMkM, 

Fwini*. 

Pottfidt. 

Ptmsdi. 

12 

1.50 

t 

.95 

.56 

785 

12 

1.60 

.96 

.56 

852 

I         904 

1,6U 

12 

1.50 

.96 

.56 

948 

12 

1.50 

.95 

.56 

1,030 

12 

2.00 

L25 

.79 

1,316 

12 

2.00 

1.25 

.79 

1,340 

[      1,«22 

1,618 

12 

2.00 

L25 

.79 

1,210 

12 

2.00 

1.25 

.79 

1,424 

J 

14 

2.00 

f 

1.25 

.89 

1,280 

14 

2.00 

1.25 

.89 

1,285 

1,864 

1,50 

14 

2.00 

' 

1.25 

.89 

1,316 

14 

2.00 

1.25 

.89 

1,576 

16 

2.00 

■ 

1.25 

1.00 

1,495 

16 

2.00 

» 

1.25 

1.00 

1,290 

[      1.495 

i,«s 

16 

2.00 

JL 

1.25 

LOO 

1,530 

16 

2.00 

A 

1.25 

LOO 

1,664 

18 

2.00 

A 

1.25 

1.11 

1.668 

18 
18 

2.00 
2.00 

A 

1.25 
L25 

l.U 
LU 

1.448 
1,640 

I      1.68S 

l.«73 

18 

2.00 

A 

1.25 

Lll 

1,786 

14 

2.50 

. 

1.62 

LU 

L490 

14 

2.50 

1.62 

Lll 

1,410 

1.597 

1,439 

14 

2.50 

1.62 

Lll 

1,624' 

14 

2.50 

1.62 

Lll 

i;864 

18 

2.50 

A 

1.62 

L28 

1,695 

18 

2.50 

JL 

1.62 

L28 

1,650 

1,733 

1.351 

18 

2.50 

JL 

1.62 

L28 

1.69S 

18 

2.50 

f2 

1.62 

1.28 

1,890 

18 

3.00 

^ 

1.85 

L61 

2,135 

18 

8.00 

A 

1.85 

1.61 

2.228 

[      2,808 

1,434 

18 

8.00 

A 

L85 

L61 

2.890 

18 

8.00 

A 

L85 

L61 

2,480 

18 

8.50 

^ 

2.10 

L75 

2,388 

18 

3.50 

^ 

2.10 

L75 

2,090 

[      2,488 

1,422 

18 

3.50 

* 

2.10 

L75 

2.604 

18 

3.50 

2.10 

L76 

2,870 
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Screws  driven  parallel  to  the  grain. 


Number 

of 

screw. 

screw. 

Diameter 
of  hole. 

' 

Adheaive  resUtanoe. 

^^^"^          wood. 

Total. 

Average. 

Total. 

Per  sqaare 
inSof. 

Bnr&oeiu 
wood.   . 

12 
12 
12 
12 

12 
12 
12 
12 

14 

14 

.    14 

14 

16 
16 
16 
16 

18 
18 
18 
18 

14 
14 
14 
14 

18 
18 
18 
18 

Indus. 
1.50 
L80 
L50 
1.50 

2.00 
2.00 
2.00 
2.00 

2.00 

2.00 

2.00 

'    2.00 

2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 

8.50 
2.50 
2.60 
2.50 

•         8.60 
3.50 
8.50 
8.60 

Inch. 

None 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Inches. 
.96 
.06 
.96 
.95 

1.26 
L26 
1.26 
1.26 

1.25 
1.25 
1.26 
1.26 

L26 
1.26 
1.26 
L26 

1.26 
1.26 
1.26 
1.26 

1.62 
1.62 
1.62 

1.62 

2.10 
2.10 
2.10 
2.10 

.66 
.66 
.66 
.66 

.79 
.79 
.79 
.79 

.89 
.89 
.88 
.89 

1.00 
1.00 
1.00 
1.00 

LU 
1.11 
Lll 
1.11 

1.11 
1.11 
1.11 
1.11 

L76 
L76 
L76 
L75 

Pounds. 
288 
686 
868 
880 

986 
1,047 
1,070 
1.046 

907 
1,086 
1.084 

740 

1,468 
1,296 
1,180 
1,006 

1.464 
1.890 
1.144 
1.682 

1,840 
1,820 
1.817 
1,664 

2,010 
1,805 
2,190 
1,798 

Pounds. 

}  - 

1,087 
929 
1,286 
1,896 
1,610 
I      1,961 

Pounds. 
1,168 

1.313 

1,044 

1,?85 

^    1,266 

1,860 

1,115 

Lag-sorewa  driven  perpendicular  to  the  grain.    Stick  D, 


I 


mmmmsmm 


^ThreaeUr  jfer  inch. 


(*) 
(t) 

8.00 
8.00 
8.00 

i 

5.00 
6.00 
6.00 

13,860 
10,740 
14,240 

\   i2,m 

938 

*  This  screw  split  the  grain  12''  on  either  side  at  the  soxfkoe  of  the  stick, 
t  Split  the  ffraiil  4,"  each  side  of  the  sorew. 

t 

Dimensions  of  yellow-pine  stick  E,  used  in  the  following  test : 

Length,  l(K^9xl(K^9  by  48'MO. 

Specific  gravity,  .6428. 

Bate  of  growth,  11  rings  per  inch. 


468      TESTS   OP   IRON   AND    STEEL   AND    OTHER   MATERIALS. 
Lag-wrew$  driven  perpendicular  to  the  grain. 


-^ThreatU  per.  inch. 


Number 

of 
tcrew. 

Length  of 
screv. 

Length 
driven. 

Sarfkoeof 

■crew  in 

wood. 

Adheaive  reeUUaoe. 

DiMneter 
of  bole. 

AverAge. 

Total. 

Total 

Per  eqiiare 
inehof 

aar&ee  la 
wood. 

1     Incket. 

10.00 

10.00 

*    (•)       1         10.00 

(•)       1         10. 00 

Inch 

InehM. 
6.50 
6.50 
8.00 
8.00 

10.14 
10.14 
10.14 
10.14 

Povndt. 
20, 110 
10.800 
18.700 
17,280 

Poundt.        Pinmdt. 
\     10.055              1.MS 

1     17.000                   UO 

*  In  oompating  the  anrface  of  screw  in  wood  the  length  threaded  (6".50)  only  was 
[Wood  screws  driven  in  white  oak  plank,  perpendionlar  to  the  grain.    Drawn  parallel  to  their  langtk. 

Dimensions  of  plank  G:  3''  x  8''  by  72''.625  long. 

Specific  gravity,  .8240. 

Bate  of  growth,  6  rings  per  inch. 


Number 

of 
screw. 

Length  of 
screw. 

Diameter 
of  hole. 

Length 
driven. 

Snrfbce  of 

screw  in 

wood. 

Adheeive  resistance. 

1 

j             Ave 

Total. 

rage. 
Peraqiian» 

TotiU. 

inehof 

BurflMseiB 

1 

wood. 

Inehet, 

Inch. 

Inehet. 

Sq.ineh, 

Poundt.  1    Poundt. 

PowMb. 

12 

1.50 

.06 

.56 

1,500     ) 

12 

1.50 

.05 

.56 

1.618 

>       1.658 

2,05: 

*12 

1.50 

.05 

.56 

1.760 

) 

tl2 

2.00 

1.25 

.70 

1.047      1 

tl2 

2.00 

1.25 

.70 

1*^1     ll       1  MR 
1.060    'f       ^*^ 

tl2 

2.00 

1.25 

.70 

2.485 

»2 

2.00 

1.25 

.70 

2,005    iJ 

14 

2.00 

I 

1.25 

.80 

2.405    \] 

♦}J 

2.00 
2.00 

1.25 
1.25 

.80 
.80 

|«J  ,     m™ 

2,784 

14 

'2.00 

1.25 

.80 

2.850    ij 

16 

2.00 

JL 

L25 

1.00 

2,440    1) 

16 
16 

2.00 
2.00 

X 

1.25 
1.25^ 

1.00 
1.00 

IZ  !    ^*« 

2.430 

16 

2.00 

A 

1.26  • 

1.00 

2.100    1 J 

18 

2.00 

^ 

1.25 

LU 

2,012 

1 

18 
18 

2.00 
2.00 

5 

1.25 
1.26 

1.11 
1.11 

2.708 
2,665 

\      2,645 

2.383 

18 

2.00 

A 

1.25 

1.11 

2.205 

J 

tl4 

2.50 

X 

1.62 

1.11 

2.607 

] 

tl4 
tl4 

2.50 
2.50 

V 

1.62 
1.62 

1.11 
1.11 

2,685 
2.700 

\      2,«3 

2.428 

tl4 

2.50 

* 

1.62 

i.ir 

2.700 

J 
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Surface  of 

screw 
in  wood. 

LeBjftb 
drivdn. 

Average, 

. 

Total. 

Total. 

Per  square 

inch  of 
Borfisoein 

wood. 

Inehta. 

Sg.inekM. 

Poundt. 

Poundt. 

Poundt. 

1.82 

1.28 

8,822 

1.02 
1.62 

1.28 
1.28 

8.768 
8,590 

[      8,606 

2,816 

1.62 

L28 

8,290 

J 

1.86 

1.61 

4.852 

\ 

1.86 
L86 

1.61 
1.61 

4,200 
4.248 

\      i.272 

2,658 

1.85 

1.61 

4.290 

2.10 

1.75 

4.400 

] 

2.10 
2.10 

1.75 
1.75 

4.150 
4,193 

\      4,278 

2,442 

2.10 

1.75 

4,848 

J 

*  Driven  near  a  knot.    Palled  off  screw-head, 
t  Fractured  screw  at  root  of  thread, 
t  Palled  off  screw-head. 

r 

[Laic-sorews  driven  in  white  oak  wood,  perpondicalar  to  the  grain,  drawn  parallel  to  their  length. 
Tne  same  stick  of  wood.  F,  employed  as  with  the  nail  te^ts.] 


4  Threads  pen  iruvTt. 


Kamberl  Length  of     Diameter 
of  screw,      screw,     i     of  hole. 


Length 
driven. 


(T) 


Inehet. 


Inch. 


IneKtt. 
5 
5 
5 
5 


Surface  of 

screw  in 

wood. 


8q.  inch. 


Adhesive  resistance. 

Average. 

Total 

Total. 

Per  square 
inch  of 

sarfkoein 
wood. 

Poundt. 
15,800 
18,160 
19,200 
14,880 

Poundt. 

I    17,717 

14,380 

Poundt. 
1,298 
1.050 

*  Split  the  grain  15^'  each  side  the  screw. 

t  Split  the  grain  Z"  on  one  side  of  the  screw  and  10"  on  the  opposite  side. 

1  Toe  fiMtenings  of  the  stick  yielded  on  one  side,  giving  an  oblique  direction  to  the  pull  on  the  screw. 
Alter  pulling,  the  screw  was  found  bent  about  5P.  The  grain  of  the  wood  was  split  5"  each  side  of  tho 
screw. 

$  Split  the  grain  5"  each  side  of  the  screw. 
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[Wood  tcrewB  driven  in  Califomia  lAorel  wood,  perpendioular  to  the  gnln,  dxmwn  pamTIsi  to  I3ts 
length.    Same  stick  of  wood  employed  in  test  No.  4881,  Report  of  testa  for  1883.] 

Dimensions  of  stick :  4''  x  6'^  x  40^'  long. 

Specific  gravity,  .7190. 

Bate  of  growth,  14  rings  per  inch. 


Knmber 
ofecrew. 

Length  of 

Diameter 
of  hole. 

L«igth 
driven. 

Sarfaceof 
screw  in 

Adheaive  reaiatMiee. 

Arenge. 

screw. 

wood. 

TotaL 

Per  ■quaxe 

TolaL 

iBctfof 

amr&cein 

wood. 

Inehea. 

IneK 

Inehet. 

8q.in4)h. 

Pounds, 

Potindt. 

rounds. 

12 

L50 

< 

.95 

.66 

1,446 

^ 

12 
12 

1.50 
1.50 

.05 
.05 

.66 
.56 

1,888 
1,396 

1,419 

2.S84 

12 

1.50 

.05 

.56 

1,449 

) 

*12 

2.00 

1.26 

.79 

2.008 

\ 

• 

•12 
*12 

2.00 
2.00 

1.25 
1.25 

.70 
.70 

2,085 
2.100 

2.046 

%Sg7 

.      *H 

2.00 

1.25 

.70 

1.990 

) 

.      14 

2.00 

L25 

.89 

2,134 

] 

14 

34 

2.00 
2.00 

1.25 
1.25 

.89 
.89 

2,070 
2,100 

>      2.120    1           2,382 

14 

2.00 

1.26 

.89 

2,175 

16 

2.00 

<  r 

1.25 

1.00 

2.236 

] 

16 
16 

2.00 
2.00 

!  r 

1.25 
1.25 

1.00 
1.00 

2,238 
2,896 

\      2.317               2.817 

16 

2.00 

\  r 

1.25 

1.00 

2.400 

i 

18 

2.00 

A 

1.25 

1.11 

2,270 

1    ■ 

18 

2  00 

JL 

1.25 

1.11 

2,282 

\      2.244     1           2.023 

18 

2.U0 

JL 

1.25 

1.11 

2^228 

18 

2.00 

A 

L25 

1.11 

2,195 

J 

tl4 

2.50 

A 

1.62 

Ml 

2.440 

\ 

*I4 

2.50 

JL 

L62 

Lll 

2,425 

2,821     1           2,0M 

•14 

2.50 

i 

1.62 

1.11 

2)390 

tl4 

2.50 

1.62 

1.11 

2,030 

1 

18 

2.50 

A 

1.62 

1.28 

8.138 

1 

ns 

2.50 

JL 

1.62 

1.28 

2,960 



18 

2.50 

^ 

1.62 

1.28 

8^295      f      •»*«»                ^^ 

18 

2.50 

A 

1.62 

L28 

8.240    ij                    , 

18 

8.00 

A 

1.85 

1.61 

3,780      ) 

18 

3.00 

A 

1.85 

1.61 

*•«»        I        SMI 

«  ««•    1 

18 

3.00 

A 

1.85 

1.61 

2,283 

tl8 

8.00 

n 

1.85 

1.61 

8.200    iJ 

18 

3.50* 

•  A    1 

2.10 

1.76 

3,968      ) 

ns 

♦18 

8.50 
8.50 

5    ! 

2.10 
2.10 

1.76 

1.76 

4.108    il        .,„ 
4,100    if      *•*" 

2.8S0 

18 

8.60 

*    1 

2.10 

L76 

♦.256    J                    1 

•  Fractured  screw  at  root  of  thread. 


t  Palled  off  aorew-head. 


WOODS. 
fGtonenl  aTerages.] 


Kind  of  wood. 


.Kind  of  nail,  spike,  or  screw. 


Wliite  pine,  stick  A . 
White  pine,  stick  B  . 

Do.... 

Do 


Do. 
Do. 
Do 
Do. 
Do. 
Do. 

Do. 


White  pine,  stick  C  . 

Yellow  pine,  stick  D. 

Do 

Do 


Do.. 
Do.. 
Do.. 
Do.. 


Tellow  pine,  stick  E. 
Do 


White  oak,  stick  F. 

Do 

Do 


Do. 
Do. 
Do. 


White  oak,  plank  G  . 
Chestnut 

Do 

Do 


Do 

Califoniia  laarel . 

Do 

Do 


Cut  nails 

do 

Cut  nails  with  comers  barbed , 

Cut  nails  dilTen  with  taper  crosswise 

the  gnin. 

Steel  wire  nails 

Common  spikes 

Railroad  spikes 

Wood  screws , 

Lag-screws  I"  diameter 

Lag'Screws  V  diameter;  5  threads  per 

inch. 
Lag-screws  ^'  diameter ;  0  threads  per 

inch. 
Lag-screws  I*'  diameter;  4  threads  per 

inch. 

Cut  nails 

Cut  nails  with  comers  barbed 

Cut  nails  driven  with  taper  crosswise 

the  grain. 

Steel  wire  nails 

Common  spikes 

Wood  screws 

Lag-screws  1"  diameter ;  4  threads  per 

inch. 

Common  spikes 

Lag-screws  1'^  diameter;  4  threads  per 

inch. 

Cut  nails 

Cut  nails  with  comers  barbed 

Cut  nails  driven  with  taper  crosswise 

the  grain. 

Steel  wire  nails 

Common  spikes 

Lag-screws  1"  diameter;  4  threads  per 

inch. 

Wood  screws 

Cut  nails 

Cut  nails  with  comers  barbed 

Cut  nails  driven  with  taper  crosswise 

the  grain. 

Common  spikes 

Cut  nails        

Steel  wire  nails 

Wood  screws 


I 


14— HEMP  AHD  MANILA  C0£ 

[Specimens  received  from  Capt  E.  P.  Lull,  I 

The  rope  was  made  at  the  Boston  navy -yard, ; 
store  at  the  Washington  navy.yard  a  period  of 
Bassia  hemp,  which  was  from  the  lot  of  rope  exl 
of  St.  Petersburg,  at  the  foreign  exhibition  held 

It  was  tested  to  ascertain  whether  it  was  now 
teriorated  daring  this  period. 

The  standard  breaking  strength  of  these  siz( 
nished  by  Commander  C.  V.  Gridley,  U.  S.  K,  a 


Kind  of  rope.  .      ^^ 


:  Clronm 

Jne/u 
8-strand  manila 

Do I 

Do 

3-Btrandhemp 

Do 

Do 

4-8tnindhemp 

Do 

Do 

Bolt  rope 


The  rope  was  secured  in  the  testing  machine  c 
by  taking  a  round  turn  over  a  4}^'  pin  held  from  ti 
fast  the  end  to  a  smaller  pin,  or  by  passing  the 
and  securing  to  the  standing  part  by  means  of 
through  the  thimbles  secured  them  to  the  testii 

There  was  a  disposition  to  draw  the  ends  thrc 
was  overcome  by  making  a  becket  knot  in  the  en 
from  another  rope  through  the  standing  part  b 
the  thimbles.  Chalking  the  rope  was  found  to 
to  slip  in  the  seizing. 

The  method  of  securing  by  means  of  sei: 
strength  than  when  the  hitch  was  employed, 
the  strength  of  the  manila  exceeded  the  standa 
new  rope,  and  when  seizing  was  employed  t 
standard;  but  with  the  hitch  the  hemp  showe 
manila. 

Kopes  generally  part  in  the  fastenings,  and 
ployed  exerts  a  decided  influence  in  their  appii 
not  seem  practicable  to  employ  a  hitch  that  sh 
evenly  as  they  are  laid  in  the  rope. 

It  is  seen  th^t  the  relative  strength  of  manila  a 
by  different  fasteningjs. 

Manila  rope  possesses  greater  ability  to  str 
consequence  of  which  it  more  readily  adapts  il 
of  the  strands  at  the  fastening. 

The  ropes  gave  the  highest  results  which  di 
ings  during  the  test. 

Where  slipping  occurred  the  highest  load  w 
fore  the  slipping  began. 
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XI vr*   x%ram 


^xi»vjr-j€M.vi. 


Manila  rope. 
2^"^  3  strands. 
27  yarns  per  strand. 
Strands  laid  one  turn  in  3^  inches. 
Elongations  measured  in  4  feet. 


Applied 
loada.     . 

Elongation. 

1 
Bemarks. 

i 

Poundt, 

FtrttnL 

1,000 

5.4 

2.000 

&1 

8.000 

10.4 

4,000 

12.3 

5,000 

14.6 

e.000 

15.4 

7,000 

16.1 

8.000 

17.2 

10,550 

Breaking  load. 

Parted  1  strand  at  seizing. 

No.  193.    (Kavy-yard  No.  122.) 

Manila  rope, 
m'^  3  strands. 
25  yams  per  strand. 
Strands  laid  one  turn  in  3  inches. 
Elongations  measured  in  4  feet. 


; «- 

Elongation. 

Bemarka. 

Pound; 

P§rttnL 

1.000 

4.8 

2.000 

6.8 

• 

8.000 

8.9 

4,000 

10.6 

5,000 

12.8 

6,000 

18.5 

7,000 

14.6 

8,000 

15.4 

10.100 

Bieakingload. 

Parted  2  strands  at  seizing. 

No.  194.    (Navy-yard  No.  122.) 

Manila  rope. 
3i'',  3  strands. 
25  yarns  per  strand. 
Elongations  measured  in  4  feet. 


^ssr 

Elongation. 

Bemarkt. 

imkU. 
1.000 
2,000 
8.000 
4,000 
5.000 
6,000 
7.000 
8.000 
9,980 

PmremL 

4.7 
7.1 

a8 

10.4 
12.0 
18.5 
14.4 
.14.6 

Breaking  load. 

Parted  2  strands  at  seizing. 


480       TESTS   OF   IRON    AND   STEEL   AND   OTHER   MATERIALS. 
No.  196.    (Navy  yard  No.  132.) 


Manila  rope. 

3i",  3  strands. 

26  yarns  per  strand. 

Elongations  measured  in  4  feet. 

!      Applied 
loads. 

Elongatloo. 

]                                  RemarkB. 

!     Patmds. 

PeroenL 

1.000 

4.7 

2,000 

7.3 

1 

i           3,000 

9.9 

1           i.000 

11.7 

! 

5.000 

13.3 

1 

6,000 

14.8 

1 

7,000 

16.6 

1 

8,000 

16.1 

1 

0,080 

1  Breaking  load.                                                                1 

1 

Parted  1  strand  at  seizing. 

No.  196.     (Navy.yard  No.  121.) 

Manilu  rope. 
3f",  3  strands. 
33  yarns  per  strand. 
Strands  laid  one  turn  in  3^  inches. 
Elongations  measured  in  4^  feet. 


Applied 
loads. 

Elongation 

Remarke. 

Pwndt, 
1,000 
2,000 
3,000 
4,000 

^ooo 

6,000 
7,000 
8.000 
10  8U0 

PeroenL 
3.0 
4.6 
6.0 
7.6 
0.1 
10.6 
11.3 
12.2 

Failed  at  the  knot. 



No.  19' 

r.    (Navy-yard  No.  121.) 
Manila  rope. 

3|",  3  strands. 

33  yarns  per  strand. 

Elongations  measured  in  4^  feet. 


Applied 
loads. 

Elongation. 

Poundt, 

Percent, 

1,000 

3.7 

2,000 

5.5 

3.000 

7.2 

4.000 

8.5 

6.000 

10.0 

6.000 

11.3 

7,000 

12.0 

8,000 

13.0 

11.800 

Breaking  load. 

Remarks. 


Parted  1  strand  at  seizing. 
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No.  198.    (Navy-yard  No.  121.) 
3r,  3  strands.  ManiUirope. 

33  yarns  per  strand. 
Elongations  measured  in  4^  feet. 


^issr 

Bemarks. 

Poundt. 

PereetUi 

1.000 

4.2 

2,000 

8.8 

• 

8,000 

7.9 

4,000 

9.7 

5,000 

11.1 

6,000 

11.6 

7,000 

13.0 

8.000 

18.9 

9.000 

14.8 

10.000 

16.8 

11,900 

Breaking  load. 

Parted  1  strand  at  seizing. 
No.  199. 


3|'',  3  strands. 

31  yams  per  strand. 

Strands  laid  one  turn  in  3^  inches. 

Elongations  measured  in  6  feet. 


(Navy.yard  No.  120.) 
Manila  rope. 


^^sr 

Elongation. 

Remarks. 

Poundi. 

Peremt. 

1.000 

4.9 

2,000 

7.8 

8,000 

a.2 

4,000 

10.8 

5,000 

11.9 

6,000 

18.2 

7,000 

14.2 

«,000 

16.1 

9.000 

15.8 

10,000 

16.8 

11,050 

Breaking  load. 

Parted  1  strand  at  seizing. 

No.  200.    (Navy.yard  No.  120.) 

3r,  3  strands.  Manila  rope. 

31  yarns  per  strand. 
Elongations  measured  in  5  feet. 


1     Applied 
loads. 

Elongation. 

Eemarks. 

Pound9. 

1 

Percent. 

1 

1.000 

4.2 

2,U00 

6.2 

3.000 

8.2 

j            4,0<M) 

9.8 

1            5,000 

1            11.0 

6.000 

12.1 

7,000 

13.2 

8.000 

14.0 

9.000 

14.6 

'          10,000 

15.2 

!          11, 400 

1 

Breaking  load. 

Parted  1  strand  iu  standing  part,  2  feet  fix>m  seizing. 
S.  Ex.  35 31 
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3$'^  3  Strands. 

31  yarns  per  strand. 

Elongations  iheasured  in  5  feet. 


N^o.  201.     (Navy-yard  I^o.  120.) 
Manila  rope. 


AroUed 
loads. 

Bemarka. 

Poundt, 

Percent. 

1.000 

4.8 

8.000 

6.6 

8,000 

&2 

4,000 

0.8 

5,000 

10.8 

0,000 

12.8 

.    7.000 

12.9 

1 

8.000 

18.7 

9,000 

14.8 

1 

10,000 

15.4 

1 

11,100 

BrMkingload.                                                                { 

Parted  1  strand  midway  length  of  standing  part. 
No.  202.    (Navy-yard  No.  118.) 

Manila  rape. 
3i'S  3  strands. 
24  yams  per  strand. 
Strands  laid  one  tarn  in  3  inches. 
Elongations  measured  in  5  feet. 


loadB. 

Elongation. 

Bemarka. 

PoUfkiff. 

Fm'eent. 

1.000 

6.0 

2»000 

7.9 

8,000 

ia2 

4,000 

12.7 

5.000 

18.7 

6,000 

16.0 

7,000 

16.8 

1 

8.000 

1&7 

1 

9,360 

BraaUng  load.                                                            1 

Parted  1  strand  at  the  seizing. 

No.  203.    (Navy-yard  No.  118.) 

Manila  rope, 
31'',  3  strands. 
24  yarns  per  strand. 
Elongations  measured  in  4}  feet. 


AST 

Pimndt. 

Blongatlon. 

Bemarka. 

Percent 

1,000 

4.4 

2,000 

7.2 

8,000 

9.4 

4,000 

11.8 

5,000 

18.1 

6.000 

14.4 

7,000 

15.6 

8,000 

16.2 

9,050 

Snaking  load. 

Parted  1  strand  at  the  seizing. 
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1^0.  204.    (Navy-yard,  No.  118.) 

3J^  3  strands,  ^^*^  '''^^' 

24  yarns  per  strand. 
Elongations  measured  in  5  feet. 


^isr 

Elongatioii. 

Remarkt. 

Paundt. 

PeromU, 

1,000 

4.6 

2,000 

7.6 

8.000 

0.6 

4.000 

11.7 

5,000 

18.8 

6,000 

14.0 

7,000 

15.0 

8,000 

16.8 

9050 

Breaking  load. 

Parted  1  strand  at  tbe  seizing. 

No.  205.     (Navy-yard  No.  119.) 

3i",  3  strands.  Mamla  rope. 

34  yams  per  strand. 
Strands  laid  one  turn  in  3|  inches. 
Elongations  measured  in  6  feet. 


^£sr 

Elongation. 

Kflmarks. 

Poundt. 

Ptra§nL 

1.000 

5.0 

2,000 

7.3 

8,000 

9.0 

4,000 

10.5 

6,000 

18.1 

6.000 

18.7 

7,000 

14.6 

8»000 

15.6 

9.000 

16. 3 

10,000 

17.0 

11,850 

Breaking  load. 

Parted  1  strand  at  the  seizings 

No.  206.    (Navy-yard  No.  119.) 

3f",  3  strands.  Manila  rope. 

34  yarns  per  strand. 
Elongations  measured  in  7j^  feet. 


Applied 
loads. 

1  Elongation. 

; 

Remarks. 

Poundt. 

Pm-  cent. 

1,000 

1             2.7 

2,000 

5.6 

8,000 

7.1 

4,000 

&4 

1 

6,000 

9.9 

' 

6,000 

1            ILl 

7,000 

!            11.9 

8.000 

-    12.8 

9,000 

1           18.9 

1 

9,400 

Breaking  load. 

1 

Parted  1  strand  at  the  seizing. 

Fractured  end  prepared  for  2d  test  with  a  spliced  eye  (tucked  twice). 

Breaking  load  9,900  pounds. 

Fractured  standing  part  2  feet  from  the  spliced  eye. 


Ko.  207.    (Navjr-yard  No.  117.; 
Maniki  rope. 


34",  3  strautls, 

24  yarns  per  strand. 

Strands  laid  one  turn  iu  3^  iDches. 

£  Ion  gati  Otis  meaaured  in  4|  feet« 


Applied 

Somu-ks, 

P<ivndt. 

1 

1      PwamiL 

l.DOO 

1             6.0 

*O0O 

&a 

a  000 

IQLi 

f  ooo 

1             12.5 

6,000 

iat.i 

6.O0O 

U.4 

7.O0O 

36.0 

a,  000 

1^.7 

10,100 

1 ^' " 

BraakiD£lc»d. 

Parted  1  atraiid  near  middle  of  standing  part. 

No,  208,    (Navy  yard  No.  117.) 

Manila  rape^ 
3i",  3  strands. 
34  yams  per  strand. 
Elongations  measured  in  4^  feet 


^.SET 

BMDArlU. 

BHifldf. 

F^romL 

1.000 

4.§ 

3.000 

7.* 

3<O0O 

9.7 

4.000 

]2.2 

5,0W 

13.7 

fl,000 

14.0 

7,000 

lfi.7 

g>000 

10.fi 

to,a20 

BiwklDj^lwl. 

Parted  1  strand  at  the  seizing. 


3J'^  3  strands, 

24  yarns  per  strand. 

Elongations  measured  in  4^  feet. 


No,  209.    (Navy-yard  No.  117.) 
Manila  rope. 


Applied 


Blonfc&tlon. 


Pound*. 
1.000 
S!,t>00 
3,000 
4,0P0 
S,000 
6,000 
7,000 
8.000 
10<750 


4.8 
7.9 
10.  fl 
12.5 
19.9 
15.0 
let  2 


fifliti«rk«. 


Breakiag  IcwL 


Parted  1  strand  at  the  seizing. 
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N^o.  210.    (Navy.yard  I^o.  116.) 
Manila  rope. 


3J'',  3  strands. 

24  yams  per  strand. 

Strands  laid  one  turn  in  3  inches. 

Elongations  measured  in  5  feet. 


Appliad 
kwds. 

Remarks. 

Poundi. 

PffMtlt. 

1,000 

6u2 

8,000 

7.8 

8,000 

0.8 

4,000 

18.1 

6,000 

18.3 

0.000 

14.8 

7,000 

16.7 

8.000 

18.2 

10,420 

BrMkinglMd. 

Parted  1  strand  at  the  seizing. 

No.  211.    (Navy.yard  No.  116.) 

Manila  rope, 
^''y  3  strands. 
24  yarns  per  strand. 
Elongations  meamired  in  6  feet. 


AST 

ElongAtlon. 

Remarks. 

Pounds, 

PeremL 

1,000 

4.6 

2,000 

7.8 

8,000 

0.8 

4,000 

11.6 

6,000 

18.2 

8,000 

14.6 

7.000 

16.7 

' 

8.000 

16.2 

0,080 

Breaking  load. 

Parted  1  strand  at  the  seizing. 

No.  212.    (Navy.yard  No.  116.) 

Manila  rope. 
S^"j  3  strands. 
24  yams  per  strand. 
Elongations  measured  in  4^  feet. 


AppUed 
loads. 

Elongation,  j                                   Remarks. 

Poimdt. 

P^reetU.     . 

1,000 

6.0 

2.000 

&8 

8.000 

11.1        , 

4,000 

13.0 

6.000 

14.8        1 

6.000 

15.9 

7.000 

17.1        . 

8,000 

18.1 

0,400 

Breaking  load. 

Parted  1  strand  at  the  seizing. 


3iJ",  4  strauds. 

33  yams  per  strand. 


Hemp  rope. 


AppUed 
loads. 

Elongation. 

BemarlEa. 

Pounds. 

PereenL 

1,000 

2.6 

2,000 

S.9 

3,000 

6.2 

4,000 

e.0 

5.000 

6.8 

0,000 

7.3 

7,000 

ai 

14.200 

Breaking  load. 

Parted  3  strandB  in  front  of  the  eye. 

No.  214.    (Navy.yard  No.  83.) 

Hemp  rope. 
3J",  4  strands. 
33  yarns  per  strand. 
Elongations  measured  in  3^  feet. 


AppUed 
loads. 

Pounds. 

Elongation. 

Bemarks. 

Percent, 

1.000 

2.6 

2,000 

4.2 

3,000 

5.0 

4,000 

5.7 

5,000 

6.2 

6.000 

6.9 

7.000 

7.4 

8,000 

8.1 

12.800 

Snaking  load. 

Parted  1  strand  in  front  of  the  eye. 

No.  216.    (Navy.yard  No.  83.) 

Hemp  rope. 
3f ,  4  strands. 
33  yarns  per  strand. 
Elongations  measui^  in  3^  feet. 


Applied 
loads. 

Elongation. 

Kemarks. 

Poundt. 

Percent. 

1,000 

8.8 

2,000 

4.5 

3.000 

5.8 

4.000 

6.2 

5,000 

6.9 

6,000 

7.4 

7,000 

7.7 

8,000 

8.3 

13,550 

Breaking  load. 

Parted  2  strands  in  front  of  the  eye. 
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4  strands. 


No.  216.    (Navy.yard  No.  84.) 
J7mp  rope. 


33  yams  per  strand. 
Elongations  measured  in  4  feet. 


IppUed 
londs. 

Bemarks. 

Poumb. 

Pw  emt. 

1,000 

2.9 

2,000 

4.2 

8,000 

5.2 

4.000 

5.7 

5.000 

<L4 

•.000 

7.8 

7,000 

7.8 

8,000 

8.3 

12,000 

Sostained  this  load,  then  sUpped  in  the  seizing. 
End  Uiotted,  the  rope  then  parted  under  11,000 

pounda  pnll. 

No.  217.    (Navy-yard  No.  84.) 
Hemp  rope. 


3f '',  4  strands. 

33  yams  per  strand. 

Strands  laid  ope  tarn  in  3^  inches. 

Elongations  measured  in  5  feet. 


loads. 

Elongation. 

Bemarks. 

Poundt. 

Percent. 

1.000 

2.5 

2.000 

3.5 

8,000 

4.6 

4,000 

5.4 

5.000 

&0 

6,000 

6.7 

7,000 

7.1 

8.000 

7.5 

0,000 

9.3 

8.350 

Breaking  load. 

Parted  2  ^strands  front  of  thimble.    Bope  cut  on  eye-plate  of  testing- 
machine  in  drawing  n|>  the  fastening. 
Fractured  end  prepared  for  second  test  with  a  spliced  eye. 
Breaking  load,  11,400  pounds. 
Fractured  on  strand  at  the  splice. 

No.  218.    (Navy.yard  No.  84.) 

3f-,  4  strands.  Hemp  rope. 

33  yarns  per  strand. 
Elongations  measured  in  4  feet. 


Yj^r 

Elongation. 

Bemarks. 

Poundt, 

Peretnt. 

1,000 

8.1 

2,000 

4.2 

8,000 

5.4 

4.000 

6.2 

5.000 

7.1 

6,000 

7.5 

7.000 

&3 

8»000 

&9 

12,100 

Breaking  load. 

Parted  2  strands  between  thimble  and  seizing. 
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No.  219.    (Navy.yard  No.  86.) 
Hemp  rope. 


3^''^  4  strands. 

24  yarns  per  strand. 

Strands  laid  one  tnm  in  3.2  inches. 

Elongations  measured  in  4  feet. 


B«inArkt. 


Breaking  load. 


Parted  2  strands  at  the  seizing. 

Bope  did  not  slip  in  the  seizing  before  fracture. 


3^'^,  4  strands. 


No.  220.    (Navy-yard  No.  85.) 
Hemp  rape. 


24  yarns  per  strand. 
Elongations  measured  in  5  feet. 


Applied 
loads. 

Slongation.  | 

Remarka. 

1 

1      Pounds. 

P«re«ne.     i 

1,000 

8.6 

2.000 

6.2 

8,000 

6.2 

•    4.000 

7.1 

6.000 

7.7 

6,000 

8.3 

1 

7.000 

9.0 

8.000 

0.6 

11,260 

Breakiiig  load. 

I 

Parted  2  strands  at  the  seizing. 

No.  221.    (Navy-yard  No.  85.) 


3}'^  4  strands. 

24  yarns  per  strand. 

Elongations  measured  in  4  feet. 


Hemp  rape. 


Applied 
loada. 

Ekmgation. 

Poreent, 
3.1 
4.2 
6.0 
6.4 
6.2 
7.1 
7.6 
8.1 

Bemarks.                                   ! 

Pounds. 

1.000 
2.000 
8.000 
4.000 
6.000 
6.000 
7,000 
8.000 
10,800 

9,800 

Maxiraam  load  enetained,  then  the  rope  slipped  in 

the  fiMtenings. 
Highest  load  sustained  after  drawing  up  the  iiuten- 

ing. 

Parted  2  strands  under  the  seizing. 
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No.  240.    (Navy-yard  No.  106.) 

Hemp  rape. 

2§  yarns  per  strand. 
Elongations  measured  in  4  feet. 


Applied 
loads.' 

Remarks. 

Poundt. 
1,000 
2,000 
3,000 
4,000 
5,000 
6.000 
7,000 
8,000 
13,100 

PtremiL 
2.1 
8.4 
4.7 
6.2 
6.8 
7.8 
7.8 
&3 

1 

1 
1 

Breaking  load.                                                                 | 

Square  break, 
part. 


Part<ed  all  three  strands  at  middle  of  the  standing 

No.  241.     (Navy.yard  No.  104.) 
Hemp  rope. 


3J'S  3  strands. 

41  yarns  per  strand. 

Strands  laid  one  tnrn  in  3|  Inches. 

Elongations  measured  in  4  feet. 


Applied 
loads. 

Blongation. 

■ 
Remarks. 

Poundt. 

PtrcmU, 

1,000 

3.4 

2,000 

4.9 

3,000 

6.5 

4,000 

7.8 

5,000 

&6 

6.000 

9.4 

7,000 

ia2 

8,000 

10.7 

9,000 

10.9 

10,000 

11.4 

12,000 

ings.    Load  fell  to  6,000  pounds  i^etheaUpping 

9,000 

Hi^hls^lo&'^bed  after  slipping  took  plMo. 

Parted  1  strand  at  the  seizing. 


3}'',  3  strands. 

41  yams  per  strand. 

Elongations  measured  in  4  feet. 


No.  242.    (Navy.yard  No.  104.) 
Hemp  rope. 


Applied 
loads. 

Elongation. 

Remarks. 

Poundt, 

PoreenL 

1 
1 

1,000 

3.1 

1 

2.000 

4.7 

1 

3,000 

ao 

4,000 

7.3 

5,000 

8.8 

6,000 

9.1 

7,000 

9.6 

8,000 

10.2 

9,000 

10.4 

10,000 

10.7 

12.600 

Breaking  load. 

Parted  2  strands  at  the  middle  of  the  standing  part. 
Bope  did  not  slip  in  the  fastenings. 


IS.— COKPSESSIOH  OF  (OLD)  SUB] 

[From  gnn  carrisKe  in  course  of  alteration  at  Wat 

No.  317. 
Shape  of  spring  before  Ike  te%\ 


Weight,  10  poands. 

Sectional  area,  27.8  sqaare  inches. 


Applied    ! 

Mean 

Compres- 

Compres- I     Middle 

loads.      1 

length. 

sion. 

'  sionsets.  |  diameter. 

' _     __             l_ 

Pound§.    1 

Inehet. 

Inehet. 

!      Inch.      1     Inches. 

0           1 

5.72 
5.32 



6.10     > 

1,000  ; 

.'io' 

1           0. 

6.38 

2,000 

4.84 

.88 

.10     < 

6.72 

3.000    1 

4.47 

1.25 

.18 

7.06 

4.000    ! 

4.03 

1.60 

.20    . 

7.48 

5.000 

3.70 

2.02 

.33    1 

7.79    , 

0,000 

8.40 

2.32 

.87    ' 

8.12 

7,000 

3.14 

3.58 

1             .42    , 

8.44 

8,000 

2.06 

2.76 

i             .89* 

8.78 

9,000 

2.80 

2.92 

i             .61    . 

8.92 

10,000 

2.68 

3.04 

1             .58    j 

9.11 

11,000 

2.60 

3.12 

.52*  ! 

9.24 

12,000 

2.50 

3.22 

1             .60    I 

9.42 

13,000 

2.45 

3.27 

.67    ; 

9.55 

14,000 

2.36 

3.86 

.73 

9.68 

15.000 

2.31 

3.41 

.74 

9.77 

0 

5.15 

6.71 

Jefore  these  sets  were  taken  the  load  on  the  rubber  was  reduc 

D  pounds,  when  the  sets 

were  measured. 

Shape  after  the  tebt. 

S 

— 

-^-t- 

t- 

SJ5 

-> 

c« 


S.  Ex.  35- 


32 


Applied 
loads. 


Length. 


Poundn. 

1 

Inches. 

5()0 

5.84 

.03 

8,000 

4.00 

1.87 

10,000 

3.29 

2.58 

10,500 

3.21    ' 

2.68 

11.000 

8.18 

2.71 

n.500 

3.11 

2.78 

12,000 

8.08 

2.81 

13, 1100 

2.94 

2.98 

14.000 

2.86 

3.01 

15,000 

2.80 

3.07 

18.000 

2.71 

3.16 

17,000 

2.85 

3.22 

18.000 

2.81 

3.26 

19,000 

2.58 

3.31 

ao,ooo 

2.53 

3.34 

Compreit-  t  Compres- 
gion.      '  ftion  sets. 


Ineh. 


Diamet 


End. 


.17 


.22 


Inehea. 

8.01 
6.56 
7.25 
7.85 
7.89 
7.48 
7.65 
7.74 
7.88 
7.94 
&10 
8.20 
8.27 
8.38 
&43 


SpriDg  removed  from  testing  machine  and  me» 

Length,  5'^86. 

Middle  diameter,  6".24. 

End  diameter,  5''.90. 

Ends  concave,  V.  Sine  ''.06  and  ".08. 

Recovered  in  length  to  5".96  after  6  hours'  rest. 


No.  319.     (Marked  No.  2.) 
Length,  6''.06. 
Diameter,  5''.97. 
Diameter  of  core,  1".06. 
Sectional  area,  27.11  square  inches. 
Weight,  11  pounds. 


' 

i 

Diamet 

Applied 
loads. 

Length. 

1   ConipreB- 
sion. 

Conipres- 
I    sion  selB. 

Inches. 

Inches. 

Inch. 

End.       : 

Pounds. 

Inches. 

500 

5.90 

0. 

0. 

6.97 

1,000 

6.75 

;               IS 

!             .02 

6.97 

1,  500 

5.59 

'             .31 

1             .02 

.5.97 

2,  000 

5.41 

.49 

.06 

5.98 

2,5(»0 

5.25 

.65 

'              .05 

6.02 

3.  000 

5.05 

.85 

.09 

6.05 

3,500 

4.90 

1.00 

.08 

8.08 

4.000 

4.76 

1.14 

1              .10 

6.14 

4,  500 

4.61 

1.29 

1              .10 

6.20 

6.0tK) 

4.47 

1.43 

:            .11 

6.25 

5,S00 

4.33 

1.57 

.11 

6.81     \ 

6,000 

4.21 

1.69 

.12 

6.37 

1 

Spring  removed  from  testing  machine  and*mea 

Length,  5''.98. 

Middle  diameter,  (>". 

End  diameter,  5".97. 

Measurements  after  spring  had  rested  16  hours 

Length,  G".02. 

Middle  diameter,  6". 

End  diameter,  5".96. 

Spring  now  placed  in  testing  machiu^  auA  t^^\j 


Lenirth,  5".81. 

Middle  diameter,  6".25. 

End  diameter,  5".87. 

Ends  concave  V.  Sine  ".08  and  ".10. 

Eecovered  in  length  to  5".93  after  4  Lours'  re'si 


Sept. 


Oct. 


PRIVATE  TESTS. 
[From  Jnly  1,  1883,  to  Jane  30,  1884.] 

For  who 


Date. 


1883. 
July  12 

12 

14 
16 
17 
18 
.19 
23 

24 
•J4 


Material. 


2  wrou{;ht-iroii  eye-bars 
do 


Nov. 


Dec. 


I 
3 

25 
27 

28 

2S 

29 

I 

1 

I 

2 
3 

4 
5 
0 
8 
8 
9 
12 

13 
15 
1« 
16 
31 

1 
1 
1 
2 
3 
5 
6 
10 
11 
12 
12 
12 

12 
13 


1  wroaght-iroQ  coIuihd  . . . 

2  wroQght-iron  columtia. . 
1  wrouj^ht-iron  column  . . 

3  steel  plates 

1  steel  plate 

2  wrougbtiron  eye-bars  . 

3  wrought- iron  eye-bars  . 

4  wruught-lrou  stirrups. . 

1  wroiigbt-iron  column . . . 

2  wronght  iron  columns. . 

1  stf el  eye- bar 

2  steel  eye-bars 

1  steel  eye- bar 

do' 

do 

do 

3  Bteel  boiler-plates 


Name. 


Passaic    Rolling   Mill  Co 

pany. 
Saint    Louis  and  Santa 

Bailway. 
DoniinioQ  Bridge  Compan 

do 

do 

E.  D.  Leavitt,  jr 

do 

Passaic   Kolliug  Mill  Cc 

pany. 

City  «»f  Lowell 

!.do  

Passaic  Rolling    Mill    Ci 

pany. 

do 

George  S.  Morrison 

do  . 


do. 
do  . 
do. 
do. 


2  steel  boiler-plates 

12  steel  boiler-plates  ... 

8  Rteel  boilerplates 

11  steel  boiler-plates  . . . 

1  wToujfht-iron  boiler-plate  { 

2  wrought-iron  plates 


10  steel  boi]er-plat«8  — 
8  steel  boiler-plates .'  , 

do 

11  steel  boiler-plates  — 

0  steel  boiler-plates 

3  steel  boiler-plates 

4  steel  boiler-plates 

10  steel  boiler-plates 

1  wrought-iron  eye-bar  . 


do 

do 

do 

1  steel  eve-bar 

25  SI  eel  boiler-plates 

3  wrought-iron  bars 

14  steel  plates 

1  wrougbt-iron  bar 

4  wrought-iron  plates 

2  wrought-iron  braces 

3  brick  piers  

7  brick  piers , 

2  brick  piers 

6  pieces  sandstone  

4  pieces  sandstone 

7  wruught-iron  bars 

1  wrought-iron  plate 

8  pieces  belting 


3  wronght-iron  bars 

10    pieces    wroagbt-lron 
chain. 


Philadelphia  Water  Depi 

ment 

do 

Channing  Whitaker 

E.  D.  Leavitt,jr 

do 

H.  E.  Penney 

Boston,  Hoosac  Tunnel 

Western  Railway. 

E.  D.  Leavitt  Jr 

do 

do 

do 

do 

Park  Brothers  &  Co 

Channing  Whitaker 

do 

Boston,  Hoosac  Tunnel 

Western  Railway. 

do 

Central  Bridge  Works.. 

do 

6f  orge  S.  Morison 

City  of  Boston 

Lloyd  Sl  Symes 

Citv  of  Boston 

Doclge,  Haley  &  Co 

A.  HlHowland 

R.  Estabrook  &.  Son 

City  of  Philadelphia .... 

do 

do 

H.B.Dodge 

do    

Dodge,  Haley  &  Co  ...  . 

Lloyd  Sc  Symes 

Yale  and  Towne  Mannl 

uring  Company. 
Concord  A.xle  Company . 
Train,  Dorr  &- Co 
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For  whom  teated. 


Dmte. 


Material. 


Name. 


City  and  State. 


-I 


1883. 
Dec   14 

14 
15 
17 
2d 
1884. 
Jan.     2 

8 
3 
4 

I' 

8 
9 
9 
19 
19 

21 
23 


Feb.     6 


4  pieces  belting i  Talcott  &  Badlong. 

14  steel  boiler-plates !  City  nf  Boston 

12  steel  boiler-plates do 

1  cast-iron  bar i  Golding  &.  Go 

2  pieces  sandstone i  Nororons  Brothers . 


Providence.  R- 1. 
Boston,  Mans. 

Do. 

Do. 

Do. 


2  steel  plates '  Penns3'lvania  Railroad  Com-  '  Altoona,Pa. 

pany. 
1  steel  plate I do 


5  steel  oars ' do  

7  steel  bars    ' do 

8  steel  bars do 

I  steel  plate ! do 

7  wronght-iron  bars I  Concord  Axle  Company 

6  steel  plates i  City  of  Boston 

1  steel  plate i  Lloyd  &  Symes   

2  composition  blocks ;  Martin  St,  Brown 

6  cast-iron  bars '  6.  W.  &  F.  Smith  Iron  Com- 

'      panv. 

8  cast-iron  bars do 


15 
27 


Mar. 


Apr. 


II 
11 
13 
8 
5 
7 
8 
10 
11 
12 
12 
17 
18 
19 
3 
5 
6 
7 
8 
9 
10 
Jnne  2 
5 
0 
7 
10 
II 
18 


May 


4  cast-it  on  bars do 

4  steel  plates :  Philadelphia  Water  Depart- 
ment- 

6  white-metal  plates Metallic  Brosh  Company 

1  cast-stfel  bar G-olding  &  Co    

1  cast-iron  liar do 

2  pieces  composition  wire . '  Samnel  Norris  .' 

Iwrought-iron  boiler-plate  I  Chicago,     Milwaakee     and 

Saint  Panl  Railroad  Com- 
I      panv. 
4  pieces  rubber  belting  . . . ,  Hall  Rubber  Company 

1  cast-Mteel  eye-bar Jos.  W.  Howard 

2  breeching  hooks '  Kenneth  Mackay 

4  wrougbt-iron  platen ,  Grand  Trunk  Railway 

1  piece  stone -  H.  N.  F.  Marshall 

2  wroughtiron  bars >  Cleveland,  Brown  &  Co 

1  wrought-iron  bar i do 

2  wrought-iron  bars do 

do I do 

8  bars  iron i  Concord  Axle  Company 

2  bars  steel do    .     

2  steel  plates E.D.  Leayittjr  ..  .> 

do do 

3  stenl  plates do 

do do         

4  steel  plates do 


.do. 
do. 
.do 
.do  . 
-do 


.do 
.do. 

do. 

do 
.do  . 


2  steel  plates do 

do    I do 

do    1 do 

4  steel  plat4?s i do 

2  steel  plate's do 

do I do 

1  piece  stone  '  H.  N.  F.  Marshall . 


Do. 

Do. 

Do. 

Do. 

Do. 
Penacook,  N.  H. 
Boston,  Mass. 

Do. 

Ho. 

Do. 

Do. 
Do. 
Philadelphia.  Pa. 

Boston,  Mass. 

Do. 

Do. 
Bristol.  R.  I. 
Boston,  Mass. 


Do. 

Do. 

Do. 
Montreal,  P.  Q. 
Northfieltl,  Maaa. 
Cleveland,  Ohio. 

Do. 

Do. 

Do. 
Penacook,  N.  H. 

Do. 
Cambridgeporfc,  Ma 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

1)0. 

Uo. 
Do. 
Northf.fld,  Mass. 


ERRATA. 


Page     7:  Page  **64"  should  read  page  "69". 
Page    13 :  Length  center  to  center  of  pins  should  read  ' 
Page    16 :  **  Gauged  length  along  center  line  of  channel 
Page    53:  For  **6.28"  square  inches  read  "5".28". 
Page  100:  For  *«  92""  brick  pier  read  "12"". 
Page  252 :  Supply  page  number  of  cylinder  XI-285. 
Page  291 :  Successive  permanent  set  '*  0^.000404"  shonh 
Page  357:  Permanent  set  section  A  "0".012287"  should 
Page  358:  Successive  elongation  section  B  "0".005280' 
Page  449:  Resistance  of  8d.  nails  driven  1".5  for  i*  4  lbs. 

lbs.  per  square  inch". 
Page  449:  Total  resistance  of  20rf.  nails  for  '*•  74  pounds 
Page  452:  Surface  of  spikes  driven  in  stick  B  for  "6.0C 

square  inches". 
Page  456 :  "Spikes  driven  in  stick  D,  surface  in  wood  6. 

sion.) 
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Analyses,  chemical 

Bricks 

Bay  State  (old) 

Conimou , 

Face 

Brick  piers: 

Details  of  couimon  brick - 

Details  of  common  brick  (old),  Bay  State 

Details  of  common  brick,  North  River 

Details  of  face  brick 

Remarks  on  tests 

Tabulation 

Tabulation,  North  River  brick 

Bronze : 

Life-saving  guns 

Old  6-pounder  guns 

Old  6-i)ounder  guns,  recast 

Cements 

Dyckerhoff's  Portland : 

Details  of  imbes 

Tabulation  of  cubes 

Tabulation  of  prisms 

.  Pier  of  cement  prisms  and  free-stone  cube 

National  Portland: 

Description 

Details  of  concrete  cubes 

Details  of  mortar  cubes 

Tabulation  of  cement  concrete 

Tabulation  of  cement  mortar 

Newark  Company's  Rosendale : 

Description ^ 

Details  of  concrete  cubes 

Effects  of  tests  on  wood  cushions 

Tabulation  of  cement  concrete , 

Tabulation  of  cement  mortar 

Norton's  cement : 

Description 

Details  of  cement  concrete 

Details  of  cement  mortar 

Tabulation  of  cement  concrete 

Tabulation  of  cement  mortar 

Columns,  wrought  iron,  built : 

Description  of  tests 

Details  of  tests : 

6-inch  channels,  with  continuous  plates,  flat  ends 

6-inch  channels,  with  continuous  plates,  pin  ends. 

6-inch  box,  ^inch  plates  and  angles,  pin  ends 

8-inch  channels,  solid  web,  pin  ends..  .^ 

8-inch  channels,  with  continuous  plates,  flat  ends 

8-inoh  channels,  with  continuous  plates,  pin  ends 

8-inch  box,  -iVi^<^^  plates  and  angles,  flat  ends... 

8-inch  box,  ^-inch  plates  and  angles,  flat  ends... 

8-inoh  channels,  latticed  and  continuous  plate,  fla 

8-inch  channels,  latticed  and  continuous  plate, 
gravity  of  channels 

8-inch  channels,  latticed  and  continuoas  plate, 
gravity  of  channels  and  continuous  plate 

10-inch  channels,  latticed  and  continuouB  p^e^te,  1 

Tabulation  of  results 
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ConiractioD  of  area  of  steel  bam :                   «  >**^- 

Variation  in 345..rc 

Cordage,  hemp  and  manila 4T 

Details  of  hemp 4-^ 

Details  of  hemp  bolt  rope 492, 4,* 

Details  of  hemp,  Russia ««1 

Details  of  manila 4> 

Standard  of  length  for  new  rope - 47:. 

Tabulated  results  of  hemp — 47^ 

Tabulated  results  of  manila 474 

Diagrams : 

Compress!  ve  strength  of  cement,  mortar,  concret«,  and  freestone 24 ' 

Compressive  strength  of  mortar  and  brick  piers 1^» 

Freestone,  haverstra  w  cubes  and  prisms HU 

Cnbes  test-ed  as  a  pier "IH 

Details  of  cubes  and  prisms :tl6 

Tabulation  of  cubes :fl3 

Tabulation  of  prianis :J1.t 

Gun  specimens : 

Description  of  tests  and  attachments  used i4* 

Distortion  of  axial  line  of  bar  under  stress 33y 

Elastic  limit,  variation  of,  in  large  bars 345,  349, 356.  ^>1 

Hardness,  Major  Wade'p  method  of  determining 245* 

Tangential  tests,  failure  of  wax  and  tallow  to  transmit  pressure 2.'^ 

Six  5-iuch  Mann  gun,  Whitworth  steel  tube 407 

ri-inch  mortar,  M.  L. : 

Cast-iron  body t^l 

Cast-iron  trial  cylinder 27r> 

Steel  hoop  Al . . ! •>*: 

Steel  hoop  A5 »C 

Steel  hoop  Ax 321 

Steel  lioop  Bl 371 

Steel  hoop  B  ex  1 .  34*' 

Steel  hoop  B  ex  1,  hot  straightened ."US 

Steel  hoop  B  ex  1,  retempered  and  annealed 'M^ 

Steel  hoop  B  ex  2,  hot  straightened »•'• 

Steel  hoop  B  ex  2,  retempered  and  annealed :t55 

Stt'el  hoop  B  ex  3 :wr» 

Steel  hoop  B  x XU 

Tangential  tests *X? 

:i.2-inch  Hteel  B.  L.  rifle -i-W 

Baud 2t>3 

Jacket .• 2r>7 

Trunnion-ring 26^ 

?^-inch  steel  B.  L.  rifle: 

Hoop  A  « :i-*? 

Hoop  B2 3ii:> 

HoopC  4 31»7 

HoopC  X 40<> 

Hoop  D  X 4«»:< 

Tube :^*^ 

10-inch  wire-wound  rifle : 

Cast-iron  from  breech  disk 4  lo 

Mortar  used  in  brick  pier  construction 71 

Tabulation  of  crushing  strength 72 

Tabulation  of  compressibility 7:^ 

Nails,  8]>ike8,  and  screws,  adhesion  of,  in  wood 44* 

DiHcnssion  of  results 44?* 

California  laurel : 

Cut  nails 401 

Steel  wire  nails 4G2 

Wood  screws 47i  * 

(-bestnut : 

Cut  nails  and  spikes 4«I1 

White  oak: 

Cut  nails 4r>^ 

Spikes..... 46i> 

Spikes  and  nails  in  wet  wood 4G«  > 

Steel  wire  nails 4r»i> 

Lag  screws 469 

Wood  screws 46.'^ 
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Nails^  Bpikes,  and  screws,  &^c.— Continued.  Page. 
White  pine: 

Cleats  nailed  to 453 

Cut  nails 449 

Spikes 452 

Spikes  and  nails  in  wet  wood 453 

Spikes,  R.R 452 

Steel  wire  nails 451 

Lag  screws - 464 

Wood  screws 463 

Yellow  pine: 

Cleats'  nailed  to 457 

Cut  nails 454 

Spikes 456 

Spikes  and  nails  in  wet  wood 457 

Steel  wire  nails 456 

Lag  screws 467 

Wood  screws  .■ 466 

Tabulation  of  results 471 

Nails,  resisteiice  to  driving  in  wood: 

Cut  nails  in  white  pine  and  yellow  pine 462 

Private  tests,  table  of '. 501 

Rubber  springs 497 

Steel  bars : 444 

Steel  8trai»s 441 

Terra-cotta  blocks  and  colnnin / 245, 246 

Wroiight-iron  bolts 446 

W^ronght-iron  plates  and  bars 447 
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